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PREFACE 


The general subject of depreciation has recently been 
given much attention by accountants, engineers, and 
others interested in llie linancial and mechanical problems 
of modern cori)orate enterprise. Vast accumulations of 
wealth and a great range in the possibilities of investment 
have necessitated a study of the economics of Imsiness with 
a view to increased eflicieiicy, safety, and justice in the com- 
plex field of industry. 

In this book a study is made of the depreciation of capi- 
tal values which in their manifold forms constitute a large 
share of the world’s wealtli. Oftentimes regarded as an 
abstract and theoretical problem, it is really one of intense 
practicability. In the nature of things it is an unavoidable 
problem, and any objection that may be offered on the score 
)f its indefiniteness is outweighed by the necessity of mas- 
t ling it. 

The depreciation problem may be viewed from two 
standpoints — that of the accountant and that of the engi- 
neer. 'I'he engineer deals with physical conditions, studies 
plant deterioration, the necessity of replacement, and so on. 
The accountant devises ways and means of recording in the 
most intelligible manner the facts in connection with these 
changes. The work of the two should be correlated 
through a common understanding of the character and ex- 
tent of depreciation. The engineer having shown what the 
rate of depreciation is, the accountant ”ggcsts devices for 
recording it, for providing replacement .nnds, etc., and thus 
for the preservation of capital value. 

Various methods have been suggested as suitable for 
determining the annual depreciation charge. Some of 
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these require computations involvini^ the use of algebraic 
formulas. These formulas are explained fully, and illus- 
trated l)y the solution of problems and also by the use of 
graphic charts. It is thought best to use twenty-five years 
as a period sufficiently long to indicate clearly the effect of 
interest on the calculations, and at the same time not too 
long to be extraordinary. 

Much literature on valuations has recently appeared, and 
while no pretense is made at giving an exhaustive con- 
sideration of that subject, it is believed that in so far as 
depreciation is a factor in valuations a tolerably complete 
discussion of it is presented here, due allowance being made 
for the somewhat unsettled condition of the wdiole subject. 

The past decade has witnessed a remarkable extension 
of governmental supervision of industry. An attempt is 
made to give this phase of the matter the consideration 
which its importance w^arranls. I'he legislatures through 
their law’s, and the courts throngdi their decisions, exert a 
great influence — not always consistent perhap.s — in the 
financing and managing of l)usiness enterprise. For ex- 
ample, the recently enacted income tax law makes it quite 
necessary for business men to study the depreciation ques- 
tion carefully in order to report intelligently to the Gov- 
ernment. While much space is given to this new phase of 
the situation, this is justified by the suddenness with which 
w'c have been brought face to face with it, and by the pros- 
pect of its future permanence. 

Earl A. Saliers 

Lehigh University, 

May 1, 1915. 
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ctiaractp:k oi* industrial plant 


Twofold Character of Capital 

Modern inclliods of production and distribution require 
the investment of lar^c amounts of capital in the form of 
fixed assets. This may be seen by a glance at any under- 
taking of an industrial nature. Thus a factory is composed 
of the site, the buildings, and the equipment of machinery 
and tools. Land, ballasted roadbeds, lies, rails, rolling 
stocks, station houses, etc., arc the elements which enter 
into the material equipment of a railroad company. Capi- 
tal so invested constitutes one of the great divisions of 
wcaltli, and may be distinguished from another form of 
wealth known as circulating capital, which finds representa- 
tion in current assets, sucli as cash and merchandise. The 
subject matter of this book is confined entirely to a con- 
sideration of capital invested in the form of fixed assets. 

Corporate Organization 

Much of the world’s wealth is piloted through produc- 
tive channels by the agency of corporate organization. 
Corporations may now be regarded a^ guardians of the 
people’s wealth, and presumably arc huaiiccd and managed 
in the interest of the stockholders, tlic creditors, and the 
public. That the general public, or the consumers, have in 
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many instances a very direct interest in the corporate 
or^^anizations by which they arc served, is now fully 
rcco ionized. 

When the corporation is formed, funds are secured by 
assessments upon the stockholders or by the sale of securi- 
ties, or by both, and these are expended in the purchase of 
the properties — tanpblc and intans^dblc — required in the 
particular industry. Althou.i^h the stockholders and the 
bondholders continue to be the owners of this invested 
wealth, the control of it passes to a threat dep^rec into the 
hands of a board of directors and other corporate officials. 

Corporations Concentrate Wealth 

A few responsible men thus acquire control of a large 
amount of wealth, representing harvests gleaned from wide 
fields. Subjects of many nations arc sometimes stock- 
holders of the same corporations. In this way wealth is 
concentrated where it is most effective. Promoters and 
organizers liavc this in view. The promoter interests the 
investor, .secures bis good will and his money, and, with 
the latter, assets needed in the projected business arc pur- 
chased or constructed. 

Constituents of Plant Value 

The economic .status of a beginning corporation is some- 
what more difficult to comprehend than that of an older one. 
For a time it exists by consuming a part of its own capital, 
while normally the cost of existing is met out of the cor- 
poration’s income. S.o the investment represents more than 
the bare cost of the units of which the industrial plant is 
constituted. I'here is an additional increment of value 
which may he regarded as arising from the peculiar adapta- 
bility of the various plant units when considered in their 
relation to one another, and thus as a part of the physical 
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value of the plant; or, as some prefer, it may be regarded 
as an intangible value. It results from the various pre- 
liminary and incidental costs of construction — surveys, 
legal aid, insurance, taxes, interest on capital, alterations of 
plans, and so on. Ordinarily such expenditures are charged 
to revenue, but, during con.slruction. as well as for a time 
tliereafter known as the educational period, they represent 
proper charges to capital. 

Omitting details, an industrial plant may be described 
as of a threefold character, consisting of: 

1. Plant, therein being included all direct costs, as 

real estate, right of way, etc., with a percentage 
added for engineering. 

2. Fajuipment, a direct cost to which nothing need be 

added for overhead e\ce|)t ])ossibly a small per- 
centage for installation. 

3. Capitali^'cd general exiKiiditnres, including legal 

services, insurance, taxes, etc., incurred during 
construction and usually for a time thereafter. 

The capitalized general expenditures are in the nature 
of indirect or overhead costs, and if not known .are usually 
estimated as a percentage on cost of construction of plant 
and equipment. 

Direct Costs 

As far as possible all costs of plant and equipment 
should be charged to the account representing that particu- 
lar unit of plant in (jiiestion. Ca)nse(|ucntly, as already sug- 
gested, a certain amount over and above ; » ime cost will be 
included in the account. In this way all ^ .•>ts arc accounted 
for, except those of a general charactei, which cannot be 
charged directly to any particular account, being incident 
rather to the plant as a whole. 



l6 PRINCIPLES OF DEPRECIATION 

Indirect Costs in Valuations 

In valuing public utility properties it is usually neces- 
sary to make reproduction cost the basis of the valuation. 
The prices of the plant units must then be based on prime 
cost, to which must be added percentages for overhead or 
indirect costs. The prime cost of the plant is but a part of 
the actual reproduction cost, because it includes the direct 
cost only, and does not include indirect cost. Courts and 
commissions are apt to underestimate this indirect element 
of cost. Errors and accidents are contingencies sure to 
occur, but after the occasion has passed they arc often 
ignored becatisc not evident. Nevertheless they are a part 
of the investment. 

Recognition of Indirect Costs by Interstate Commerce 
Commission 

The Interstate Commerce Commission in its classifica- 
tion of expenditures for road and equipment, recognizes the 
validity of such incidental costs. It provides an account for 
‘‘Other Expenditures,” to which it allows charges for 
organization expenses, including: cost of printing stocks 
and bond certificates, cost of disposing of securities, salaries 
of general officers during the periotl of construction and of 
clerks engaged on construction accounting, rent and repair 
of general offices, office expenses, and such items of an in- 
cidental or special character as cannot be charged to any 
other account.^ 

In the following pages an analysis will be made of the 
principal indirect costs of industrial plant. An under- 
standing of them is essential to the determination of plant 
value, and consequently to a thorough understanding of the 
principles involved in the solution of the depreciation 
problem. 


* ClassiHcation of Expenditures for Road and Equipment, page 27, 
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Engineering 

This division of cost varies widely in different enter- 
prises as well as in different localities. It is low where an 
inferior grade of talent can be employed, and high where 
the best grade of service is demanded. In case of railroads 
it is usually in the neighborhood of 5% of the cost of con- 
struction. This was the percentage used in the recent valua- 
tion of the Lehigh Valley Railroad. It must be remem- 
bered that the term construction cost, as here used, docs 
not include cost of land for roadbed or other purposes. 
This accords with the requirements of the Interstate Com- 
merce Commission, as indicated in primary accounts 2 and 
of their classification of expenditures for road and 
equipment. 

Engineering costs comprise the salaries of engineers 
and assistants, and their traveling expenses while on duty; 
also the cost of the various instruments used — transits, tape 
lines, etc. Of an investment of $20,7.‘1G,000 in the Metro- 
pLilitan Water Works, Boston, 7.77% represented engi- 
neering expenses, preliminary and constructional. Of the 
disbursements on the New York water works to the end of 
September, 10 HI, 0.78% of the total, or $10,050,000, was 
for engineering; but costs of extensive boring and investi- 
gations were here included which were not included in the 
Metropolitan Water Works. In the Boston subways the 
engineering cost ranged from 5.05 to 0.88% of the total 
cost in different divisions (1805-1012) ; in the Kennebec 
New Gravity Water Supply, 0.00 (1000) ; in the Louis- 
ville sewerage works, 0% (1000-1012) ; in. the SpringficKl, 
Massachusetts, water works, 10^;^ (I'UO); and in the 
Springfield, Massachusetts, Ludlow filters, 17%; (1000). 

Preliminary Expenses 

Before a plant is brought into actual existence, to say 
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nothing of putting it on a going-conccrn basis, a more or 
less extended period transpires during which the work of 
promoting and financing is being done. Surveys may be 
required to determine whether a suggested situation is 
feasible for the proposed plant. Then the consent of the 
landowners, in the form of options, must be obtained. 
These and similar activities necessitate the employment of 
legal, engineering, and financial experts. If the reports 
warrant it, a charter of incorporation is obtained, securities 
are offered for sale, the land is acquired, the final surveys 
are made, and the plans and specifications for the proposed 
works arc completed. If further consideration of the pro- 
posed site is not justified by the first researches, it is aban- 
doned for a more promising one; not, however, before con- 
siderable money has been spent, which must form a part 
of the total investment. 

Insurance During Construction 

This is primary account 45 in the classification of ex- 
penditures for road and equipment prescribed by the 
Interstate Commerce Commission. The cost of insuring 
property during construction and until the plant is placed 
on a going-concern basis, should be charged to this account, 
not as expense, but as investment. During the period of 
construction a certain amount of property is inevitably de- 
stroyed by accident or otherwise, even though due care is 
used to protect it. For the same reason that insurance is a 
legitimate expense in a going concern, its cost during con- 
struction becomes a part of the investment. 

Interest During Construction 

This is a large item of cost and deserves careful consid- 
eration. The money required must be secured sufficiently 
in advance of the time when it will be needed, to avoid a 
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po«^sil)lc striniij^c'ncy in the fuiuK with consc([iicnt suspension 
of work aiul loss. Thus interest must he paid on the money 
for a considerable lime in advance of its disbursement, as 
well as after, and at a rate somewhat hii^her tlian can he 
had by placing the funds with dei)ositaries until needed. 
However, to the extent that interest thus received offsets 
interest paid, to that extent is the total cost reduced. 

Interest cost durini.^ construction is ordinarily comptited 
as ecinivalent to the interest on the total cost of construction 
(not including interest) for one-half the period of construc- 
tion. This method is based on the assumption that the rate 
of expenditure remains constant from an investment of 
zero to an investment of 100^< ; also that interest is in- 
curred on the money only after it is disbursed. Such an 
assumption underrates the interest cost, and unless allow- 
ance is made for the higher rate of interest demanded for 
money to be invested in new a!\d speculative enterprises, 
the actual investment is stdl further underestimated. 

constant rate of expenditure on plant from the incep- 
tic i to the completion of the work would indeed be excej)- 
tional. At times it is greater, and at other times less, tlian 
such an assumption implies. During the first half of the 
pcriotl <jf construction, when most of the materials are pur- 
chased, it is u.sually greater, with a resulting excess of 
interest cost over that inijdied by llie foregoing theijry. 
Intere.st during construction is ])aid out t)f ca])ital and is as 
much a part of the investment as cost t)f machinery or 
buildings, Conscf|Uently interest during ccjiist ruction, just 
as insurance on buildings, should be ca])italized. 

Developmental Costs 

Some time passes, after construction is completed, be- 
fore the business reaches a profitable basis. During this 
period the expenses of an operating concern are incurred, 
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and, owing to the lack of sufficient revenue, must be paid 
out of capital. This necessitates a larger investment than 
would otherwise be the case, though not evidenced by any 
addition to the tangible assets. Investments in construction 
come largely to a stand.still with the beginning of this edu- 
cational period, hut current expenses and interest continue, 
and add an additional item to the investment. As gross 
revenue increases, a larger and larger amount of it can be 
used to meet these obligations, and consequently smaller 
and smaller charges to capital will be made, until invest- 
ment on this score ceases altogether. 

Of course some limitation must be placed on the devel- 
opmental i)eriod in any case, even though re^'cnucs do not 
increase as anticipated. Capitalization of expenses cannot 
be indefinitely continued, for the possiliility of ever earning 
a return on the investment would grow more and more 
remote, and in case of public service corporations would 
require excessive charges on the service. Some enterprises 
are by nature losing ventures, and the prolongation of the 
experimental period and consequent caiiitalization would 
constantly widen the chasm between actual income and a 
satisfactory return on the investment. These principles 
apply to normal properties. If the venture is a losing one, 
wdiether subject to commission control or not, the investor, 
not the public, must suffer, as is inevitable in the field of 
open competition. 

Investment vs. Income 

A thorough knowledge of the items w^hich comprise 
investment in industrial plant is of increasing importance. 
Formerly conqictition was considered the chief agent de- 
termining income on inve.stment. It was thouglit that an 
investment, whatever its amount or character, receives its 
equitable reward as the result of the play of competition 
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forces, much as water finds its level by gravitation. But 
the experiences of the past decade have caused us to alter 
t)ur iK)tion of the relation of income to investment. Often- 
tlines competition is quite iinpossihle. Many of our public 
utility companies receive franchises granting them the right 
to operate in certain districts to the exclusion of all 
competitors. 

Lhider such conditions, how may we know whether an 
adecjuate return is licing received on an investment, unless 
tlie amount of the investment itself is carefully calculated? 
And it is but natural that the next step taken is to regulate 
the income so that a return may be made adequate to the 
protection of the investor, and at the same time just to 
tbe consumer. 

How the Investor is Protected 

When the ])lant enters upon its career of activity, if it 
i^ a public service corporation, it is subject to commission 
rt ’ ilation, and probably has a monoiioly of the market, 
Ibus being free from compctiti(ui of similar concerns. It is 
directly controlled by a board of directors and other officers. 

( onsnmers as well as stockholders and creditors have inter- 
ests which demand protection. Tf it is a private corpora- 
li<m, no commission will stand between it and the consumer, 
but the latter protects hiiiT^elf by bidding in the open mar- 
ket. When the single proprietor directly supervised his 
own property there was every incentive for him to husband 
it carefully. Today, however, the control of much wealth 
is entirely lost to the real owner. ‘dnee ownership 

imi)lics the right of enjoyment and o; itinued possession, 
the iinestor must look to the cori)oration officials, or to a 
public service commission. They can afford protection by 
pursuing or enhjrcing sound financial methods. 

(iuod accounting is based upon the distinction between 
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capital and revenue. The integrity of all investment rests 
upon til is principle. Unless it is adhered to, investment 
and income are obscurely merged. As a result, capital 
frittered away as dividends and the financial foundations 
of the company arc weakened. The investment must be 
kept undiininishcd by providing for its renewal or replace- 
ment wherever it leaks away as the result of obsolescence, 
inadequacy, or decrepitude. 

Depreciation 

This loss of value, whether tangible or intangible in 
form, resulting from physical decay, or from obsolescence 
or inadecjuacy, which indicate functional decay, is known 
as depreciation. It necessitates repairs, renewals, and re- 
placements. Did it not occur, every outlay on plant would 
add to the investment. Depreciation docs not result from 
one cause but from many causes, which sometimes leads to 
the belief that it cannot be scientifically cared for. But 
some adequate method of handling it is not merely desir- 
able, but necessary, to a solution of problems arising in the 
valuation of public utility properties, and in the manage- 
ment of industrial enterprises generally. 

Differences in depreciation, not only in unlike proper- 
ties, but in those of identical construction, frequently occur. 
A machine constantly exposed to the damaging influence of 
the elements, even if little used, depreciates rapidly. The 
same machine adequately sheltered may be operated con- 
stantly \vith but slight deterioration. One machine may be 
so constructed that ordinary use wears it slowly, and it may 
become obsolete long before it is worn out. Another de- 
teriorates rapidly in strength, leaving little chance of ever 
becoming obsolete. Instruments under constant or unusual 
strain wear rapidly. With a certain amount of experience 
it is usually i)ossible to forecast with tolerable accuracy the 
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(late of physical decrepitude, but it is more difficult to pre- 
dict possible future obsolescence or inadequacy. 

Depreciation Classified 

In this book depreciation will be understood to compre- 
hend all losses arising' out of physical or functional decay, 
excepting such as may l^e compensated for by current re- 
pairs. Depreciati(m may be thought of as affecting the 
various units composing plant, or as affecting the whole 
plant. Depreciation may therefore be classified, according 
to viewpoint, into unit depreciation, which is the decay of 
individual machines or other units of plant, and composite 
depreciation, which is the resultant effect upon the whole 
plant of unit depreciation. Total depreciation of ])lant is 
therefore the composite depreciation, which is equal to the 
sum of the unit depreciations at any time. 

There is this difference, however, between unit and com- 
posite depreciation: that whereas unit depreciation gradu- 
c'dy increases from zero to approximately 1007 ^' of the 
amount originally invested in the units of plant, composite 
depreciation increases from zero to a certain percentage of 
the original investment in the entire plant, say 15 or 20^ , 
beyond which it is prevented from going because of the con- 
tinuous replacement of w^ornout or obsolete units of plant; 
hut can never be entirely extinguished, except in the ex- 
treme case of complete replacement, l)ecause of the greater 
or less degree of depreciation of the units composing the 
plant. 

Current repairs are not included hi depreciation, l^e- 
cause, with the exception of the first • w years of a plant’s 
life, their cost is spread quite evenh, over the accounting 
periods, and they can be met out of current revenue without 
affecting the equilibrium of the investment. Any items of 
so large an amount as to burden the year in which they 
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must he met, cannot, however, he classified as current re- 
pairs, hut should he provided for under the head of depre- 
ciation. 

Unit Depreciation 

Thus parts of plant must sometimes be renewed which 
would be an unjust chargee upon current revenue. By long' 
use they have lost all their value except wliat they may he 
worth as scrap. Machines, as Karl Marx says, are con- 
gealed labor. By use this congealed labor has been ex- 
pended on output wliich the machine assisted in producing. 
Or, as P. D. Leake expresses it, the capital outlay on the 
machine has expired, and to avoid a continual diminution 
of the cajiital outlay on the whole plant it must be replaced. 
When a machine that has been transferring its value into 
commodities for twenty years, at last collapses, it ought 
not to be replaced out of current revenue unless the re- 
placements are so numerous that their cost would be evenly 
distributed from year to year. Not only would this result 
in an unwonted irregularity in apparent net profits, but to 
a recent buyer of stock it would mean a charge to replace 
something from which this stockholder has derived no 
material benefit. 

It is therefore proper to arrange so that the cost of a 
renewal which will last several years may be equitably 
charged to revenue during those years, instead of making 
the entire charge to current revenue. In a very extensive 
plant composed of many and varied assets, this rule may 
he ignored, for there renewals are quite the same as current 
repairs in a smaller plant, and become evenly distributed 
from year to year. When such is the case it is not im- 
proper to charge the entire cost of renewals to current 
revenue, but it is usually better to differentiate between 
these two classes of expense. 
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Composite Depreciation 

Even with current repairs and renewals satisfactorily 
met, the investment value of a new i)lant will continue to 
decline to a certain ])oint, unless counterhalaiiced by the 
unearned increment in values of land, or strategic location. 
It is better not to offset the depreciation of wasting assets 
])y the unearned increment, even if there is a certainty of 
the latter’s existence. Tt may be conservatively omitted 
from the balance sheet. A large portion of every plant, 
after the passage of twenty-five years, has exhausted a con- 
siderable portion of its useful life, the extent being depend- 
ent on the character of the individual units of which the 
plant is composed. Not all parts can be kept entirely new 
and undepreciated. Nor, on the other hand, can all parts 
become worn out or obsolete without destroying the plant’s 
efficiency. During the early years of the plant’s life no 
renewals and but few repairs are needed, and depreciation 
a^ parently continues unchecked. When repairs and re- 
nee als do become necessary they (lo not bring the plant 
back to original value, but merely keep it from becoming 
even less valuable. On first thought it might appear that 
diminution of value would continue until normally the plant 
value, being represented by an average of miscellaneous 
units in all stages of depreciation, would be approximately 
50% of cost new. Since, however, a large part of the 
investment does not depreciate at all, the reduction in value 
will probably be found, ordinarily, not to exceed 20 or 25% 
of original value. 

Preventing Overcapitalization 

If the outstanding stock is not diminished in amount, 
the net result of this composite depreciation is overcapitali- 
zation, since the assets no longer equal their former value. 
Such overcapitalization may be prevented in two ways: 
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Either the cai)ilal may he amortized by retiring stock to 
ammint equal to tlie fall in values, charging the cost of sud, 
retirement to revenue and thus diminishing permancnily tlic 
capital ; or a replacement reserve may be created to offset 
tliis unavoidahlc decline in values, in wliich case capital may 
le retained at tlie f»ld fit^iire. 

'rids replaccnient reserve may Ik? employed in tlic pur- 
chase of additional assets, wlien not needed for specific re- 
placements. arwl still the transaction will he essentially a 
replacement. 0)nsefjiiently all parts of the plant huiio^lit, 
II]) to the limit of the rcser\’C, will he divided into two 
classes; ( I ) actual replacefiicnts, and units which are 
not actual replacements, hein.q- apparently additions, but 
which are essentially of the character of replacements, lu- 
cause tliey replace values lost througii the partial deprecia- 
tion of other assets. 

As it is customary in making' an actual replacement to 
charge the depreciation reserve with the cost of the item 
replaced (see Chaj)ter IV), a slight complication arises 
here, because no specific replacement is made, and it w'oiild 
therefore be impossible to charge the reserve with the cost 
of any particular unit of plant. The reserve w^ould there- 
fore remain credited wu'th the full amount, and be charged 
only wdicii a unit is discarded and without regard to the 
time when the new^ assets wdiich rei)lacc the value of the dis- 
carded unit, were purchased. 

Of course, if assets arc purchased exceeding in value 
the total accrued depreciation indicated by the reserve, they 
arc, to the extent of the excess, extensions, not replace- 
ments. If due allow’ancc is made for depreciation accrued, 
the distinction between replacements and betterments will 
work out automatically in the balance sheet. Thus, if the 
following balance sheet represents the true status of Com- 
pany A, 
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Balance Sheet of Company A, as at 


Plant $100,000 Capital Stock Outstanding $1 10,000 

Less Reserve for 
Depreciation.. 20,000 $80,000 

Cash 30,000 

$110,000 $110,000 


then the following balance sheet shows the situation after 
an apparent addition, but in reality a replacement, has been 
made : 

Balance Sheet of Company A, as at 


Plant $1013, (XX) Capital Stock Outstanding $110,(XX) 

Less Reserve for 

Depreciation.. 20.(XX) $80,(X)0 

Now Building 20, (XX) 

t'-sh 10, (XX) 

$110,000 $110,000 


The $20,000 paid for the new building is the amount 
wliich was charged to gross revenue as dej)reciation cost 
when the reserve for depreciation was credited, and rci)re- 
sents a return of tlie investment to the company, that much 
of the investment having gone out in services or out]Hit. 
Had it been employed to amortize capital instead, the bal- 
ance sheet would appear thus: 

Balance Sheet of Company A, as at 


Plant $100,0(X) Capital St 'ck Outstanding $90,IXX) 

Less Reserve for 
Depreciation.. 20,(X)0 $80, (XX) 

Cash 1(),0(X) 

$9lt000 $90,000 
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Had the new biiildinj^ cost $r>0,000, it would lie partly 
a replacement ($20,000), and partly a 1)etterment ($10,- 
000), since $10,000 of the $:>0,000 of casli on hand rei)re- 
seiits orii^inal investment, not revenue wilhlield to compen- 
sate for depreciation. '\'hc balance sheet would then have 
appeared as follows, allliouj^^h the amount of tlic replace- 
ment and of the extension might not always be tabulated. 

Balance Sheet of Company A, as at 


IMaiit $1(X),IK)() C'apital Stock Outstanding $110, (XX) 

Less Reserve for 
Depreciation.. 20, (XX) $tS(),0()0 

New Building: 

Replacement.. $20,(XI0 

Betterment... 10, (XX) 3(),()()() 


$11().(KX) I $110,000 

If formed by ecpial annual charges, the depreciation re- 
serve will accumulate rapidly wliile the i)lant is still new 
and renewals are few, and should be suflicient to amortize 
capital, as suggested, or to secure the replacement of de- 
creased asset values by needed improvements. If capital is 
amortized, the cliarge necessary to afford a fair income is 
lessened. In either case the plant’s efficiency should actually 
increase, since, as shown later, efficiency may remain at 
l)ractically 100% even where there is considerable dci)recia- 
tion; while depreciation makes it possible to extend the 
plant to a certain extent without increasing the investment. 

Functional Depreciation 

Viewed from the standpoint of cause of the deprecia- 
tion rather than from that of its effect on plant units and 
composite plant, depreciation may be again classified into 
functional and physical de])reciation. Functional deprecia- 
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tion results from the (jbsolcsccnce or the inadequacy of a 
plant unit, or a comlanation of plant units. A thing is ohso- 
Icte when it has been rendered entirely valueless as the re- 
sult of some invention or discovery, and this may occur 
where it has not depreciated at all physically. A thing is 
obsolescent when its value is being reduced by inventions or 
discoveries but has not yet wholly disappeared. 

Inadequacy, 011 the other hand, indicates that a thing is 
incapable of fully performing the function for which it 
is intended. It indicates neither physical depreciation nor 
ol)S(jlesccnce. luadcciuacy may result from expansion of 
markets, community growth, and so on. 

The extent to which the service may be cheapened in 
case of obsolescence, or bettered in case of inadequacy, by 
the installation of a new plant or unit of plant, determines 
the amount of the functional depreciation of the old plant 
or plant unit, ft nntst be written down to such an extent 
t'^at the i)roductioii cost of service will be no more for the 
ol-l than for the new plant. 

Obsolescence 

If the first cost of the old and the new plants, respec- 
tively, be added to the capitalized cost of operating them, 
the difference, assuming that both perform the same 
service, represents the depreciation of the old plant from 
obsolescence. 

If the first cost of an old machine was $1,000, and its 
yearly operating expense is $200 ; and a new machine wdiich 
w'ill perform the same total service as l!ic old one will do 
so at an annual operating expense (T $.00, and a first cost 
of $2,200, then if money is worth , the capitalized cost 
of operation for the old machine is $200 05, or $4,000; 
and for the new machine, $100 -s--. 05, or $2,000. Adding 
these to the first costs, we have for the old machine : 
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Original cost $1,000 

Capitalized operating cost 4,000 

Total capitalized cost $5,000 

and for the new machine : 

Original cost $2,200 

Capitalized operating cost 2,000 

Total capitalized cost $4,200 


The value of the old machine has therefore been re- 
duced througli obsolescence ($5,000 — $ l,‘200, or $S00) to 
a present value ($1,000 — $800) of $200; $-1,200 repre- 
sents the highest capitalized cost necessary to perform 
the given service. If a machine could be purchased for 
$4,200 which would incur no operating expenses, the 
capitalized cost would be the same as in the case of a 
machine costing $2,200 and operated for $100 a year, and 
the old machine would still be worth only $200. If the 
old machine cost $250 per year to operate, this capitalized 
($250 .05 = $5,000 + $1,000 = $G,000) would exceed 

tlie total capitalized cost of running the new machine by 
$1,800, which would give the old machine a minus value of 
$800, and a yearly saving of $800 X .05, or $40, would be 
made by discarding it and purchasing the new one. 

Inadequacy 

Depreciation due to inadequacy may be found on the 
above basis, or on the basis of the capitalized cost of pro- 
duction of a unit of output. The latter may be the better 
basis, especially if more than one old unit of plant is re- 
quired to do the same work one new one will do. Thus, if 
the total cost of producing a unit of output by the old 
machine is $20, and by the new machine $18, the saving 
per unit is $2. If the number of units of output produced 
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annually by the old machine is 100, then llie total annual 
saving is $200. $200 .05 $4,000, which sum represents 

functional depreciation of the old plant and the amount 
over and above the depreciated value of the old plant which 
the company can afford to pay for a new machine, provid- 
ing the old one can be disposed of at its depreciated value. 

Effective Depreciation < 

Whicliever kind of depreciation— physical or functional 

is the greater, that one is the effective one in determining 

unit depreciation. The lesser one is ineffective and should 
not be added to the greater. Some units of a plant will be 
influenced more by functional and others more by physical 
depreciation, while the extent of depreciation of the entire 
plant, or composite depreciation, will be the resultant of 
both as they operate ui)on the plant units. 1 otal composite 
depreciation may therefore be more largely the resultant of 
physical or of functional depreciation, depending upon 
which affects more extensively the units of the plant. It 
would rarely be made up entirely of one to the exclusion of 
the other. 

Depreciation of Indirect Costs 

We have seen that into every plant there must enter 
certain costs of an indirect character, a part of which may 
Ijc apportioned directly to the nints of plant, hnt the le- 
maindcr of which, being of a general character mcidcnl 
rather to the plant as a whole, must be charged t<. some 
capital account such as General Ifxpend-tnres. If tliese 
values depreciate along with the materi ' a sets, allowance 
must be made for them. On the other hand, if the benefits 
derived from them are of a permanent character they need 
not be written down. Some of these costs are purely inci- 
dental to the constructional and educational periods and 
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ordinarily will not be incurred again. The costs of pre- 
liminary surveys and engineering, and of at least a part 
of the policing and contingencies during construction and 
development, will remain largely or wholly non-depreciat- 
ing, except in case of mines and similar properties of limited 
lifetime. Interest, taxes, and insurance during construction 
become a part of the permanent investment if not again 
incurred. 

Proportion of Overhead to Direct Costs 

These overhead charges constitute a large part of the 
investment, ranging from 20 to 40% or more of prime 
cost. In the valuation of the Lehigh Valley Railroad they 
were estimated at 30.74%, and in the Buffalo, Rochester & 
Eastern at 40.3% of prime cost. 

The Knoxville Water Case 

Reference should be made to the recent change which 
has taken place in the attitude of the courts toward com- 
panies engaged in various industries, growing out of a 
lietter understanding of the character of industrial plant. 
This change is well reflected in the decision of the Supreme 
Court of the United States in the Knoxville Water Casc.^ 
Here the court stated definitely that before any cjuestion of 
profit can be raised, not only current repairs, but replace- 
ments and depreciation, must be made good out of earnings. 
No company must have its properties wasted witliout ade- 
quate provision for replacement. The original investment 
must not be diminished, and it is the company's duty to 
security holders and to the public to see that it is not. The 
only alternative w^ould be the issue of new securities with 
conse(iuent overcapitalization, followed by disaster to the 
business. 


•212 u. s, 1, 
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Mining Companies, Leases, Patents 

Corporations engaged in mining are exceptions to the 
rule that the investment must be kept from diminishing. 
There is good autliority both in England® and the United 
States^ for the distrilnition of the proceeds of mining opera- 
tions without making the customary retention for decrease 
in value of the mines through extraction of minerals. The 
same principle applies to any concern utilizing a wasting 
asset — one which can only be made useful by being 
consumed. 


* ( CP 7’ Npuchatcl ( o , 41 Cli. I)iv. I. 

* l^cuplp T’ Roberts, '50 N. Y. 5K5; see Clark on Corporations, paxes .^.U, J.14. 



CHAPTER II 

ANALYSIS OF A HYDROELECTRIC PLANT 

In the prececlinjT chapter the general characteristics of 
industrial plant were described. In practice the deprecia- 
tion problem can be adequately bandied only by first 
making an analysis of the units of which such a plant is 
composed, based upon their use, value, and longevity. In 
this chapter such an analysis will be made of a hydro- 
electric plant for the purpose of affording an illustration 
and to serve as subject matter for further discussion of the 
question of method in caring for depreciation. 

Definition of a Unit 

The word ‘"unit,” as used in this and the following 
chapter, will be understood to mean a subdivision of plant, 
consisting of one, a few, or even many items, as determined 
by a consideration of use, value, and longevity; the unit 
in each case being the most suitable portion of plant to 
employ as a basis for figuring depreciation. Thus a unit 
may be a building, or twenty locomotives of similar class, 
or a steamboat, or the hulls of ten similarly constructed 
steamboats, and .so on, the question being always one of 
expediency and determined upon the actual conditions. 
The following rules may be of assistance: 

1. A unit of plant cannot be made up of unlike things, 
or things having different functions. 

2. For the sake of the saving in calculations, a unit 
should include as many items as possible capable of being 
handled together. 

3. A number of things may be handled together as a 

34 



ANALYSIS OF A HYDROELECTRIC PLANT 


35 


unit if they have tlie same o-eneral physical iiiakc-iip, arc 
employed for the same purpose, and, what would he ordi- 
narily inferred from the ft^rei^oiug, have approximately the 
same lifetime. 

'riuis a numher of locomotives of a i^iven tyjie would 
form one unit, steel rails of a i^iven weight another, sta- 
tion house of a j:iiven structure another, water-wheels of a 
certain pattern another, and so on. 

Analyzing Cost of Industrial Plant 

y\ plant generating electricity may he run hy cither 
steam or water [)owcr. 1'he lixed charges on a steam 
plant being much greater than on a w'ater power plant, 
the economy of the latter makes it desirable w'hcii condi- 
tions are such that its use is possible. Following the gen- 
eral classilication of plant \ allies given on page 15, the 
component parts of a hydroelectric plant may be sub- 
livided as follows^ 

Table 1 — Subdivision of Cost of Industrial Plant 

Proportional 

I. Plant : Cost 

(a) Riparian ri^lits for dam and tlowaKC basin, ical 
estate expenses, orRani/alion <*xpeiises, |)relim- 
inary lej^al expense^, cost of financing, removal 


of railroads, bipliwa>s, bridj'es, and all expenses 
preliminary to actual construction of work 20% 

(b) Pcimaiicnt construction, dam, power house and 

waterways, ete 30'% 

(c) Transmission system: 

(1) Right of way . 4 5 

(2) Copper . . 15 

(3) All else 7.0 U% 

TT. F.qiiipment: 

(a) Equipment of power house M/'> 


’ Tlic data on Iiydroclrctric plant nsed in this chapter arc tahen from the dis- 
cusMiip . of Calvert Townlcy and Dr. Cary T nulcliin.son, ilic Amcruan 

Institute of Electrical Engineers, December JO, I90y. 



26 PRINCIPLES OK DEPRECIATION 

III. Capitalized General Expenditures: 

(a) General expense, engineering administration, legal. 


etc 11% 

(b) Interest during construction 12% 


Of these items only I-b, I-c and Tl-a, comprisinj^ 57% 
of the entire cost of the plant, are subject to depreciation, 
and of item l-b a large part does not depreciate to any 
appreciable degree from physical causes, since it covers 
rock excavation and concrete. 

Table I indicates the proportional cost of the main 
subdivisions of the plant. Thus the cost of the equipment 
is 14%', and of the transmission system Tl%, of the total 
cost of the plant. Tables 2 and 3 indicate what percentage 
the cost of the different units of equipment and transmis- 
sion system is of the total cost of the equipment and 
transmission system, respectively. 

Analysis of Transmission System 

For illustrative purposes our attention will be con- 
fined to items Fc and ll-a, as they will serve to indicate 
the effects of both functional and physical depreciation. 
The following table classifies the units of the transmission 
system (I-c), indicating the proportional cost of the units 
and their lifetime in years. In this connection it may be 
well to repeat that by unit is meant one, or more than one, 
item of plant, as already explained. 

Table 2 — Cost and Lifetime of Transmission System 


1. Transmission Line 




Proportional 

Life in 



Lost 

\c.iis 

I-c-1 

Right of way 

45.0 


I-c-2 

Towers 

18.4 

15 

I-c-3 

Special structures 

5.1 

10 

I-c-4 

Insulators 

2,1 

10 
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l-c-5 

Copper 


23.7 

25 

l-c-6 

Installation 


5.7 





100.0 




2. Sui5-St.\tions 

Proportional 

Life in 




Cost 

Year.s 

T-c-7 

Land 


6 


T-c-8 

buildings 


30 

25 

l-c-9 

Transformers . . 


. . 40 

20 

1-C-lO Switches, etc ... 


16 

10 

1-C-ll 

Installation 


8 




100 



Analysis of Power House Equipment 

Hie cc|iiipnicnt (jf pinxer Ikmisc is classified in the fol- 
lowiiii^ table: 


Taiuj': — Cost and Lin'/rrMK of Powf.r TToust-: 

MgOlFMKN T 

Proportional Life in 
Lost Years 


lI-a-1 Stop logs, gales, and other woo<l exposed 

to air and water 0.80 5 

lI-a-2 Flooring, roofing, hardware, ainl inisceL 

laneous fixtures 9,80 15 

lI-a-3 Tile wainscoting, sewage, pinmhing sys- 
tem, metal windtiw frames, etc 2.45 15 

II-a-4 Electric light and telephone 0.80 10 

lI-a-5 Switchboard ciiuipment 4.35 10 

1 l-a-f) Cables and heavy wiring 3 90 10 

ll-a-7 Cranes 1.25 15 

Il-a-8 Water-wheels 33.75 25 

ll-a-9 Water-wheel governors 2.90 10 

11-a-lO Generators and transformers 40.00 25 


100.00 


Relation of Unit Cost to Investment 

It the cost of the entire plant is known, the cost of 
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any unit can easily be derived by first finding what per- 
centage the chief subdivision of which the unit forms a 
part, is of the cost of the plant, and taking this percentage 
of the entire cost of the plant. When the value of the 
chief subdivision is thus found, the value of the unit may 
then he determined by finding what percentage the unit is of 
the chief subdivision. 

To illustrate, if the cost of the entire plant is $100,000, 
then the cost of the power house equipment is 14% of 
that amount, or $14,000, and the cost of any unit com- 
posing the power house may be found by multiplying 
$14,000 by the percentage of the cost of equipment repre- 
sented by it. Thus the cost of the water-wheels is .J5J175 
(j\ $1 1,000, or $1,725. These percentages must, of course, 
he based upon the actual cost of the properties. 



CHAPTER III 

THE PLANT LEDGER 


Character of Plant Ledger 

The “plant ledger” should be made an essential part 
of the double-entry books, and be controlled by a Plant 
account in the general ledger with which it must be in 
agreement. The form and arrangement of the plant 
ledger should be such as to combine brevity, accuracy, and 
compactness with the necessary amount of detail. It 
should afford a complete record of the life of each unit 
or class of units of the plant. In determining what shall 
be considered a unit or class of units, an analysis of plant 
similar to that in the preceding chapter should be made. 

The plant ledger must show not only the original in- 
vestment in a unit of plant, but also in all additional units 
o: a like character afterwards purchased. It must show as 
well the losses sustained each year on all wasting assets 
and their resultant diminished value. If desirable, the 
month may be made the time basis for figuring deprecia- 
tion, but in most cases the yearly basis will be sufticicntly 
accurate, and is employed in the following illustrations, 
d'he i)lant ledger should also be so arranged that all 
needed adjustments, either to show the effect of func- 
tional depreciation, or that of an unanticipated shortening 
or lengthening of a unit’s life, can be made. 

Description of Plant Ledger 

A loose-leaf book is most suitable for the plant ledger, 
because it is unnecessary to carry in it more pages or 
sheets of paper than are needed for current work, and 

39 
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additions can be made when required. Forms 1 to 3 repre- 
sent pages of the plant ledger. An explanation of the data 
entered in these forms is given below. 

In the plant ledger the pages or sheets used for the 
record of any unit or class of units should be numbered 
consecutively to prevent confusion. The name of the 
unit api)ears in the upper left-hand corner. The year of 
installation of a new unit, or of adjustment of an old one, 
appears in the first column. In case of an old plant it 
indicates the year the plant ledger was installed. In the 
next column is entered the estimated life (or remaining 
life) of the unit, and in the third column its value at time 
of installation. In the remaining columns the annual de- 
preciation allowances arc distributed, their total equaling 
the cost or adjusted value of the unit, as given in column 
three, the element of scrap value not being taken into con- 
sideration. 

The first distribution column of any particular unit 
should corre.spond in date with the year of installation of 
the property. Approximate accuracy will be secured if 
for the first year the distribution allowance be calculated 
as one-half that of a full year, since the installations will 
be fairly well scattered through it, some going into opera- 
tion early, others late, in the year. 

If a number of items of a class are installed at different 
times during the year, or if there may be uncertainty as to 
whether the installations for the year in any particular 
class are completed, an auxiliary blank should be used 
from which at the close of the year a recapitulation can 
be made and the total installation entered in the plant 
ledger. In this way one line serves for each year’s in- 
stallations of any class, and the work of computing the 
annual allowances and possible future adjustments is 
reduced to a minimum. 
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Use of Plant Ledger 

To illustrate the working of the plant ledger, we may 
lake the hydroelectric plant analyzed in the preceding 
chapter, assuming its total investment value to be 
$100, 000, and selecting one of its units. For example, 
let us lake item 0 of power house equipment, “Water- 
Wheel Governors,” having an estimated life of ten years, 
and comprising 2.9% of the value of the eipiipment, or 
$400. Assuming the installation to have been made in 
the year 1910, the entry for it in the plant ledger is 
shown in Form 1. As, according to our assumption, but 
one-half of a full year’s depredation occurs in the year of 
installation, the distribution of the depreciation will ex- 
tend over eleven columns in the ledger, a similar half- 
year’s charge being made in the eleventh column, or for 
1920. 

If no additional installations are made; if functional 
depreciation docs not diminish the value more rapidly 
aan physical depreciation; and if our estimate of the 
unit’s lifetime has been correct, or nearly correct, no 
adjustments will be required except the annual deduction 
of the depreciation allowance from the balance brought 
forward from the previous year. In such a case the record 
of this unit, when it has become w'orn out, appears in 
Form i. 

Adjustments may be required, howxver, at times dur- 
ing the lifetime of the unit for cither of two reasons: lorst, 
obsolescence or inadequacy may so impair the functional 
value of the unit that its investmen- \Mlue drops below 
what the plant ledger indicates. Scccaidly, with the pas- 
sage of time, it may be found that the lifetime of the unit 
was incorrectly estimated, necessitating the distribution 
of its remaining value on a new' basis, as illustrated by the 
problem on page 45. 
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Form 3. Plant Ledger (showing added installation and readjustment of value 
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Adjustments for Obsolescence or Inadequacy 

Let us assume that in the year 19 H certain causes 
lead to an abrupt fall in value, resulting from functional 
depreciation, the reduced value of the unit being found to 
he, according to i)rinciples stated on ])ages ;>(), $150. 
'Idle balance brouL^ht forward for the year, as shown in 
Form ‘2, is $2 <):j. 9(), and the physical depreciation for the 
}car is $10.00, leaving $222>.;>0, or $7*5.00 excess over 
actual value. 'This amount must therefore be deducted as 
functional depreciation. Owing to this extraordinary de- 
duction, it will be necessary to make a new distribution 
over the remaining years of the nlant’s life on the basis of 
the remaining value, $150. A red line should be drawn 
through the future distributions on the basis of old value 
and a new distribution made on the next line below. The.se 
alteiMtions arc shown in Form 2. i\o new entry is made 
in the column headed “Original Value,” except in case of 
purchase of additional property. 

Adjustments for Physical Depreciation 

if, after a number of years, ex])eriencc shows that the 
original estimate of lifetime was in error, a somewhat 
similar adjustment should be made; not, however, by 
altering the amount remaining to be depreciated, but by 
cxteiuling it over a grealvr or less nuinber of years, thus 
decreasing or increasing the remaining annual charges. 
Such an adjustment is shown in Form *5, for the item in- 
stalled in the year I 9 HI. 

The correctness of the work of a vt may be checked 
by finding the total of the future .li^tributions, which 
should be ecpial to the last dejireciatcd balance. 

In case of a sudden heavy fall in values due to func- 
tional depreciation, its deduction in the revenues of the 
current year would create an excessive burden. 1 1 might 
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then he well to spread the extra charge over a period of, 
say, two or three years, by dividing it into as many equal 
parts. Thus in Form 2 the functional depreciation, 
amounting to $7.‘L30, would be divided into three parts 
of $24.4r‘5 each and deducted over the three-year period 
lhl4, and Ihld, an ccpial amount each year. 

In this somewhat extraordinary instance there would 
be a difference of twice $24.4Jb or $48.8(1 — the amount 
not deducted in the current year — between the depre- 
ciated balance and the extensions in the depreciation col- 
umns; for while the latter are based entirely on the 
reduced value of the property, the former has not been 
reduced by the full amount. Tut as soon as the full 
amount of the functional depreciation has been deducted, 
the two will again be equal. 

How Plant Ledger is Controlled 

As suggested, the plant ledger is controlled by the 
rianl account in the general ledger, instead, however, 
of merely agreeing with its controlling account, as is usual 
with subordinate ledgers, the plant ledger should be in a 
twofold agreement with its controlling account; or per- 
haps it might be expressed by saying that it must agree 
with both the Plant account and the Depreciation Reserve 
account. For, whenever any accounts are charged in the 
plant ledger, the controlling T’lant account is charged 
with an equal amount, the only difference being that the 
charges arc subtlivided in the plant ledger among the 
proper accounts; whereas their total is carried to the con- 
trolling account. Likewise, whenever any account is 
credited in detail in the plant ledger, which is done only 
when a unit of plant is scrapped, there will be an equal 
debit made to the Reserve for Depreciation account in 
the general ledger. It follows that while the first cost of 
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all existing units of plant is shown in detail in the plant 
ledger and in total in the Plant account in the general 
ledger, the actual depreciated value is iiulicaled hy the 
difference between the Plant account and the J^eserve 
for Depreciation, shown best in the balance sheet by de- 
ducting the latter from the former, as explained in 
Chapter IV. 

Reserve Indicates Composite Depreciation 

If no renewals or replacements whatever were made to 
the i)lant, the continually increasing reserve for deprecia- 
tion would indicate the growth of composite depreciation, 
which would finally consume the entire value of the ])lant. 
But as soon as they are needed. renewKils are made, and 
after a time they entirely counterbalance the effects of 
depreciation, with the result that the reserve for deprecia- 
tion indicates the extent to which at any time the com- 
nosite deiireciation of the entire plant has progressed. 

Relation of Reserve to Replacements 

As has been suggested in Chajiter I, the tendency of 
comjio.^ite depreciation to reduce j)lant values below 
original investinent vrdues may be avoided by making 
additi(jns to plant t(j the extent that composite depre- 
ciation is not cijvered by actual renewals, the additions 
being in reality replacement of \ allies lost through de- 
preciation. If the records arc properly kept the extent 
of the composite depreciation of the original investment 
will be at all limes indicated by the (• leciation reserve, 
and this will in turn serve to indicate ihe amount wdiich 
nia}' be invested in additional plant when it is not needed 
in actual replacements. It must be remembered, however, 
that reserve bn* depreciation is not changed by such addi- 
tions, being reduced only when old units are scrapped. 
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The book value of the plant, i.e., the figure representing 
first cost, will therefore tend to increase over the figure 
indicating investment to an amount equal to the normal 
accumulated reserve for depreciation, which latter will 
continue to increase only so long as annual depreciation 
exceeds annual cost of replacement. After depreciation 
and actual replacement cost become equal, the plant is 
normal, and the depreciation reserve will tend to gravitate 
about a figure representing the ordinary amount to which 
depreciation may be allowed to progress without suffi- 
ciently impairing the plant’s efficiency to make it more 
profitable to increase the replacements. 

It may be unnecessary to add that the annual depre- 
ciation charge is found by totaling the sums deducted for 
depreciation for the year in the plant ledger. 

The Depreciation Fund 

If an actual depreciation fund is created, as suggested 
in Chapter IV, it would in itself indicate the amount of 
money to be expended on replacements in order to keep 
plant values up to 100% of the original investment, and 
as a result would tend to disappear, remaining equal to 
the depreciation reserve only in case all replacements made 
are actual replacements of property scrapped, and have 
the same cost as the property so scrapped. The other 
valid use of the fund would be the amortization of a per- 
centage of the capital, thus permanently reducing the 
investment. 



CHAPTER IV 


DEPRECIA'ITON RESERVES VS. 
DEPRECIATION FUNDS 

The subject of reservTS and funds occasions much mis- 
understanding^. An examination of present-day practice 
shows no unanimity of opinion upon the use of these two 
words. Not only are they emi)l()yed loosely, but inter- 
changeably. Some writers have shown their true mean- 
ing, but in practice little uniformity exists. A variety 
of conditions makes the employment of reserves bene- 
ficial; this also applies to funds. Fkad debts, contin- 
gencies, accommodation paper, bonded indebtedness, de- 
preciation, etc., admit of Jicir useful application. 

Purpose of Depreciation Charges 

The manipulation of depreciation on the books is quite 
apart from the study of the principles that govern its 
amount and the method of determining it. Depreciation 
charges are adjustments made at the end of a period to 
remedy discrepancies between book accounts and the 
things wh().sc values they indicate. Such discrepancies are 
sometimes in approximate proportion to time expired; 
but again they bear no relation to time. An instance of 
the former is depicciation of houses from weathering;^ 
of the latter, destruction by wind or hr * Retween such 
extremes are other forms of detcriorj i the extent of 
which is more or less directly projKjrtionate to time. The 
amount of the depreciation having been determined, the 

' Amortization, as applied to bonds, is a perfect example of values varying 
with passage of time. 
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accounts must indicate it and make provision for future 
replacement costs. 

The nature of the asset usually indicates the manner in 
which it will depreciate, and perhaps suggests the best 
method of determining its amount. But this has been 
touched upon in another chapter. Let us now consider 
how to indicate these changes on the books and to fore- 
stall their effects. 

Twofold Object in View 

Two different things should be done, viz.: (1) write 
down book values to actual values," carrying the amount 
written off to the Profit and Loss account, and (2) provide 
funds to replace the assets when worn out. Failure to 
distinguish carefully between these two procedures leads 
to much confusion. It is an axiom that capital, and 
therefore assets, must not be impaired, or the prosperity 
and even the existence of an enterprise will thereby be 
endangered. Corporations have their existence by the 
sanction of the State, and the preservation of their capital 
is obligatory; otherwise it is voluntary. In any event 
deterioration of the value of ordinary assets is to be de- 
plored. Preservation of assets is not accomplished by 
the omission of the depreciation charge. Apparent preser- 
vation may be accomplished for a certain length of time, 
but this is in appearance only and evil will inevitably result 
sooner or later. 

As noted, funds for future replacements must be pro- 
vided. These should come out of the legitimate income of 
the business. The depreciation reserve indicates the sum 
that will be necessary to make such replacements, prevents 
its distribution as profits, but does not set it apart and 

* Thi>, of course, may be done without crediting the asset account, by deduc- 
tion of a “reserve” account from the asset account. 
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label it for that specific purpose. This is accomplished by 
the establishment of a depreciation fund, requiring an 
entry, or entries, entirely distinct from the depreciation 
charge. 

Reserves and Funds Distinguished 

While the depreciation reserve tends to preserve assets 
by reducing apparent net profits to actual net prolits, and 
so avoids dislribulion of capital as profits, future replace- 
ments will have to be made out of the general funds of 
the treasury. Ihit there is no guarantee, other than the 
general policy of the management, that these will be 
sufficient. On the other hand, a fund designate' I on the 
books for a definite object, though not inviolate, docs 
possess at least a partial guarantee that it will be so em- 
ployed. To illustrate, CA)r])oralion X, owning a factory 
building costing $.*)(), 000 and having an estimated lifetime 
thirty years, forms a depreciation reserve each year, 
crediting an account entitled “Reserve for Depreciation of 
Factory Building” and charging Profit and Loss. In 
the balance sheet of X this is shown either as a liability, 
thus: 


Balance Siii-et ok ( omkany X, as at 


J'actory Building 

.... $50, (KK) 

t a|utal 

$100, (XX) 

Other Assets 

.... 53,000 

Rl*sci\c lor Depreciation 



of Factory Biiihling. . . . 

l,tXX) 



Dividend "arable 

2,(XX3 


$103, tXX) 


$103,000 


or, preferably, as a deduction from the corresponding 
asset, as it appears in the first balance sheet on the following 
page. 
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Balance Sheet of Company X, as at 


Factory Building.. $50, 000 


Capital 

....$100,000 

Less Reserve for 


Dividends Payable — 

. . . . 2,000 

Depreciation 1,000 

$49,000 



Other Assets 

53.0(X) 




$102.(X)0 


$102,000 


This prevents inipiiif^ement upon capital, by limitation 
of distributable funds as profits. Had no charge to de- 
preciation been made, the balance sheet would have been: 

Balxnce Sheet of Company X, as at 


F'actory Building 

Other Assets 53,0(X) 


$103, (X^ 


Capital $100,000 

Dividends Payable 3,000 


$103,000 


and after payment of dividends: 

Balance Sheet of Company X, as at 


Factory Building $50,0(X) 

Other Assets 50,tXX) 


$100,000 


Capital 


,$100,0(X) 


$100,000 


leaving assets overvalued by $1,000. 

The retention of suHficicnt funds, by means of the de- 
preciation reserve, is the essential step. If these are per- 
mitted to remain a part of the general funds of the busi- 
ness, they are naturally reinvested and give rise to no 
further consideration. 

The problem of interest will not arise. But if we 
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determine to earmark such funds and set them apart, 
further consideration is necessary. 

Sinking Funds 

Sinking funds bear a sufficiently close analogy to de- 
preciation funds to make their consideration liere valuable 
to illustrate principles. Provision is made in trust deeds 
for the creation of sinking funds to licjiiidate bonded in- 
debtedness, by requiring specified amounts to be paid into 
the hands of a trustee at. designated intervals. These in- 
stalments are permitted to accumulate at compound in- 
terest to pay the obligations, the liquidation of which is 
the juirpose of the fund. 

Depreciation Funds 

Funds created for the replacement of buildings, ma- 
chinery, etc., arc not, it is true, controlled by contract 
'ibligations; consc(|uenlly the manageinent retains full 
power over tliem. Otherwise they do not differ from 
sinking funds, flic same formulas that arc employed to 
compute payments to a sinking fund may be applied to 
depreciation funds. Interest may be handled differently 
in the two cases as a matter of policy. If securities of 
other corporations arc i)urchased for the depreciation 
fund, it may be more convenient to mingle the revenue de- 
rived therefrom with the general income of the business, 
instead of adding it to the fund. The reason for this is 
that sinking fund trustees make a '^pt 'ilty of investments 
and can readily handle interest falliiij^ due, thus avoiding 
an excessive unproductive cash balai.ee in the trust fund. 
Industrial corporations cannot look after matters of 
detail not a part of their own business. Therefore income 
from funds in their control can be employed more pro- 
ductively in the business, and will more than compensate 
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for larger payments to the funds made necessary when 
interest is not added to it. 


Formation of the Reserve 

In later chapters the writer has discussed several 
formulas for finding the sums that must be set aside to 
accumulate in a given time to a given amount. For con- 
venience, two of these formulas arc reproduced here. If 
equal instalments are allowed to accumulate at compound 
interest, as in a sinking fund, then let x represent the 
amount of each instalment, v the amount to which the 
fund is to accumulate, r the rate of interest plus 1, and 
Ji the number of years to run; then, 


( 1 ) 




(r-l) 


Logarithms may be employed to solve this formula if 
the term of years is large, say more than twelve, because 
of the difficulty of raising r to the nth power by multipli- 
cation. But if interest is not added to the principal, the 
amount of each instalment is determined thus: 


z' being the sum accumulated after n years by paying equal 
instalments, .r, into the fund. 

Taking the simpler case first, if Corporation Y wishes to 
establish a replacement fund for, say, a building costing 
$25,000, with an estimated life of twenty-five years, by 
application of formula (2), we find the amount of each in- 
stalment to be $1,000, thus: 

25,000 


x~ 


25 


1,000 
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Assuming that each year’s depreciation amounts to 
$1,000, this is brought into the books by the following 


entry: 

Profit and Lo<5s $1,000.00 

To Reserve for Depreciation of Building $1,000.00 


Formation of the Fund 

Next, having decided to establish a depreciation fund 
for replacement of the building, and having found a suit- 
able manner in which to invest the $1,000, the following 
entry is made: 


Depreciation Fund for Building $1,000.00 

To Cash $1,000.00 

For investment in, etc. 


I'he balance sheet will then appear thus: 


PjAi.ancf Siii'KT nv Company Y, as at 


Building 

$25.0(K) Capital 

$50,000 

OlIu r Assets 

25,0(.KJ Reserve for Depreciatiou 


Depreciation F u n d for 

of Budding 

1,000 

Budding 

1,000 



$5I.I'KX) 

$51, (XX) 

or, better still: 



P. AT.ANCK SlIKFI 

r OF Co.MPANY Y, AS AT 


Building 

$25,{X)0 Capital 

$50,000 

Less Depreciation Reserve 

\,m 



$24,000 


Other Assets 

25,000 


Depreciation Fund for 



Building 

1,000 



$50, (XX) 

$50,000 
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If no depreciation fund is established, the balance sheet 
will be: 


Balance Sheet of Company Y, as at 


Building 

$25,000 

Capital 

$50,000 

Less Reserve 

for Deprc- 



ciation 

1.000 




$24,000 



Other Assets. . 

26,000 




$50,000 


$50,000 


At the expiration of twenty-five years the depreciation 
reserve, having grown to the amount of the original 
building account, this account will vanish from the bal- 
ance sheet, and the replacement will be made thus: 


Cash $25,00().m 

To Depreciation Fund for Building $25,000.00 

For sale of investment in, etc. 

Building 25,000.00 

To Cash 25,000.00 

For construction of new building. 


Of course, in practice such simplicity is impossible, but 
the principles apply, subject to adjustments for residual 
values, variation from expected lifetime of assets, etc. 

If the sinking fund method of adding interest to prin- 
cipal is followed, the computations are a little more com- 
plicated. Suppose Corporation Y possesses a machine 
costing $100,000, with an estimated lifetime of ten years. 
A replacement fund is to be established, to accumulate at 
compound interest, 4% being the assumed rate. Apply- 
ing formula (1) — shown on page 54 — each annual instal- 
ment may be found as follows : 
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4 : = $100,000 X ^ $8..'52!).0!) 

which is transferred to the depreciation fund by Ihe same 
procedure as in the previous case. As interest is received 
on the investments in the depreciation fund, it is in turn 
invested in some suitable way, as follows: 


Cash $ 

To Reserve for Depreciation $, 


Depreciation Fund for Machine 

To Cash 

Terminology 

The terminology employed may be altered ftom that 
used in the foregoing explanation without changing the 
principle involved. T'hii.^' in riilrcxid accounting the de- 
preciation reserve is technically known as the “Reserve 
^or Accrued Depreciation”; and in the balance sheet it is 
L'.diicted from “Road and Etjuipnient.” 

Advisability of Creating Funds 

Of course it may not always be desirable to accumulate 
definitely tabulated sinking funds for replacements, and 
the presentation here is rather for the purpose of illustrat- 
ing principles than of indicating the method to be pur- 
sued in any particular instance, d'lie Interstate Commerce 
Commission definitely rejects this plan for purposes of 
railroad accounting, although it states that it is us'Tul 
under other conditions. The charaef. of the industrial 
plant must, to a large extent, determine the mode of 
financing renewals and replacements. There is good 
authority for the establishment of actual depreciation 
funds under proper conditions.^ When making extensions 

^ S^c Proceedings, Ndlional Electric Light Association, June, 1909, Vol. 3, 
page 169. 
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to property, there would be no objection to borrowing 
money temporarily from the depreciation fund. But this 
borrowed money should be returned to the fund as soon 
as the money intended for the extension is secured through 
the sale of securities or otherwise. 

A Study of Balance Sheets 

A study of twenty-two balance sheets given in recent 
reports of large American corporations sliows great lack 
of uniformity in the management of reserves and funds. A 
fair proportion of these concerns show reserves either as 
liabilities or as deductions from assets. Few indicate 
special funds, except sinking funds for the redemption of 
bonded indebtedness. The United States Steel Corpora- 
tion balance sheet has an account on the asset side entitled 
“Sinking and Reserve Fund Assets.” "J'he Philadelphia 
Ra])id Transit Company balance sheet shows “Reserve 
Fund for Renewals” on the asset side, and on the liability 
side, of equal amount, “Renewal Reserve.” The balance 
sheet of the Third Avenue Railway Company has an ac- 
count on the asset side entitled “Deposit for Deprecia- 
tion, Renewals, and Contingencies,” and on the liability 
side, “Reserve for Depreciation, Renewals, and Contingen- 
cies.” The Pittsburgh Brewing Company has a “Plant 
Sinking Fund” among the assets. 

Sinking funds receive c(pially diversified names. The 
International Paper Company has “Sinking Fund Ac- 
counts”; the United Gas Improvement Company, “Sink- 
ing Fund Securities”; the Interborough Rapid Transit 
Company, “Sinking Fund on 5%, 45-Year Gold Mort- 
gage Bonds”; and the Bethlehem Steel Corporation, 
“Special Inmds in Hands of Trustees for Redemption of 
Mortgages.” 

The following companies indicate the depreciation re- 
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serve on the right-hand side: Philadelphia Rapid Transit 
Company, Third Avenue Railway Company, Tennessee 
Copper Company, Interborough Rapid Transit Company, 
and Bethlehem Steel Corporation. 

Sears, Roebuck & Co. and the Lehigh Valley Railroad 
Company show the reserve as a deduction from the assets. 
The report of Wells, Fargo & Co. as of June JIO, 1912, 
indicates “Reserve for Accrued Depreciation” deducted 
from property and eepupment account, whereas the report 
for the preceding year lists it on the liability side — an 
indication of progress. 

The Utah Copper Company balance wshect shows an 
account on the liability side entitled “Appropriated Sur- 
plus — Sinking Fund”; while the balance sheets of Wm. 
Cramp & Sons, the Baldwin Locomotive Works, the In- 
ternational Harvester t.omiK\ny, the General h'lcctric 
Company, the American 'I'obacco Company, and the 
\malgamated Co]>pcr Company, indicate neither reserves 
nor funds of any kind. 

These facts indicate a lack of uniformity, justiliable, 
perhaps, to a certain extent. Clearness in the balance 
sheet is, as a rule, aimed at; but in some' eases it is difficult 
to believe that sucl; is the intention. The balance sheet 
ought t(' reflect, not obscure, conditions. The proper 
tabulation therein of the depreciation reserves and funds 
is of much assistance to a clear and consistent presentation 
of facts. 



CHAPTER V 

DEPRECIATION AND EFFICIENCY 

Relation of Depreciation to Efficiency 

Every plant must be maintained at a certain dcg^ree of 
efficiency, to enable it to meet the various demands made 
upon it for service. In some cases, such as the telephone 
business, the general efficiency must be kept very high, 
otherwise dissatisfaction with the service soon appears. 
While a close connection exists between efficiency and de- 
preciation, a distinction must at the same time be recog- 
nized. Of course, a loss of efficiency in a unit of plant must 
in time inevitably occur as tlie result of depreciation. But 
loss of efficiency of the whole ])lant does not occur in any 
degree proportionate to loss by de])reciation. In fact, com- 
posite depreciation of plant may give rise to little or no 
loss of efficiency. 

The failure to distinguish between depreciation and 
efficiency may account for the failure of many manage- 
ments to make due allowance for depreciation. Oftentimes 
it is said that this or that macinne is as good as new, after 
being used, say, ten or fifteen years; and as tlie time of dis- 
card seems indefinite, nothing is written off. It is true that 
the element of uncertainty is always present even in the 
most careful attempts to make depreciation allowances. But 
much of the confusion arises from a failure to recognize the 
essential difference between loss of efficiency and loss of 
capital assets through depreciation. 

City of Beloit vs. Beloit Water, Gas and Electric Company 

Buildings, machines, tools, etc., remain in unimpaired 
efficiency for years. But sooner or later they must wear 
6o 
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serve on the right-hand side: Philadelphia Rapid Transit 
Company, Third Avenue Railway Company, Tennessee 
Copper Company, Interborough Rapid Transit Company, 
and Bethlehem Steel Corporation. 

Sears, Roebuck & Co. and the Lehigh Valley Railroad 
Company show the reserve as a deduction from the assets. 
The report of Wells, Fargo & Co. as of June JIO, 1912, 
indicates “Reserve for Accrued Depreciation” deducted 
from property and eepupment account, whereas the report 
for the preceding year lists it on the liability side — an 
indication of progress. 

The Utah Copper Company balance wshect shows an 
account on the liability side entitled “Appropriated Sur- 
plus — Sinking Fund”; while the balance sheets of Wm. 
Cramp & Sons, the Baldwin Locomotive Works, the In- 
ternational Harvester t.omiK\ny, the General h'lcctric 
Company, the American 'I'obacco Company, and the 
\malgamated Co]>pcr Company, indicate neither reserves 
nor funds of any kind. 

These facts indicate a lack of uniformity, justiliable, 
perhaps, to a certain extent. Clearness in the balance 
sheet is, as a rule, aimed at; but in some' eases it is difficult 
to believe that sucl; is the intention. The balance sheet 
ought t(' reflect, not obscure, conditions. The proper 
tabulation therein of the depreciation reserves and funds 
is of much assistance to a clear and consistent presentation 
of facts. 
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length of lime over whicli such usefulness will continue. 
Two similar machines may be ccjually elTicient today; but 
one may continue to be useful for two years and the other 
for four. Can we say that they have etjual value? There 
may l:ie some uncertainty in individual cases; but the uncer- 
tainty is limited within certain bounds, and to a great 
degree vanishes when averages are considered, just as the 
uncertainties of lifetime vanish when large numbers of lives 
are considered. The lifetime of a single freight car is very 
uncertain, but the average lifetime of a thousand cars is 
ascertainable to the fraction of a year. 

Depreciation — What It Is 

The significance of the words depreciation and efficiency 
cannot be too clearly grasi)ed. Depreciation is necessarily a 
.somewhat theoretical and uncertain (juantity. Broadly 
speaking, it includes wear and tear, obsolescence, and inade- 
(juacy. It may not be possible to give an all-inclusive defini- 
tion of depreciation ; rather its significance in each concrete 
case ought to be carefully studied. The Interstate Com- 
merce Commission, the New York Public Service Commis- 
sion, and similar bodies do not say just what and how much 
must be included in the depreciation charge, but leave this 
largely to the individual corporations to determine. 

Individual peculiarities and customs will have their 
weight in determining the depreciation charge. Thus, if 
repairs are adecjuatcly met out of revenue, the annual pro- 
vision for depreciation may be materially smaller than if 
they are neglected, owing to the greater longevity of prop- 
erty adequately repaired. 

Comparison of Depreciation and Efficiency 

Form 4 represents the character of depreciation figured 
on a straight line basis, also of efficiency, both curves apply- 
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Ing^ to tlic same unit of plant. If the distance from 0 to x 
represents the efUcicncy of a new machine, or 100%, and 
the distance from 0 to y represents the lifetime of the same 
machine, say, ten years, then the straight line .ry represents 
the progress of the theoretical straight line depreciation, 
w hilc the curved line xcy indicates the rapidity with w^hich 
ciricicncy declines. 



From tliis diagram it will he seen that, whereas the elli- 
ciency of the machine continues almost unimpaired until 
the tenth year, the theoretical straight line depreciation re- 
duces the value of the machine hy an eui.al amount, nearly 
10%, each year. Ohjection may he n ulc on the ground 
that this straight line docs not represent actual deprecia- 
tion, and that sliould a sale occur at 'lie end of the fifth or 
sixth year the machine would very likely bring considerably 
more or less than 50% of cost. Although this is true, 
it should be remembered that dcjireciation is usually 
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figured with reference to future replacement, not future 
sale. 

From this standpoint it docs not ordinarily matter 
greatly if theoretical and actual dcprcciaticm do differ con- 
siderably at times during the life of a unit. Actual depre- 
ciation is always somewhat indeterminate, yet it is a con- 
sideration of vital importance in valuation work. 

In place of the straight line to represent depreciation, 
one of the more complicated curves may be adopted, but in 
no case would such a curve correspond even ap[)roximately 
with the line indicating decrease of efficiency. Deprecia- 
tion is determined, theoretically, by the method of compu- 
tation adopted; and while it is desirable to have this corre- 
.spond as nearly as possible to actual depreciation, it is un- 
certain, except after investigation, which method most 
closely approximates this result. While it may be desirable 
to accumulate a reserve whose growth exactly counter- 
balances the gradually decreasing value of the asset, it is 
perhaps more important that it shall be sufficient to make 
the necessary replacements when desired. 

Investment to be Preserved 

From what has been said it is apparent that while in 
the long run efficiency is dependent upon the extent to 
which depreciation has occurred, it may for a long time 
remain quite independent of accruing depreciation. High 
present efficiency ought not, therefore, to be used as an 
excuse for failing to make adequate provision for depre- 
ciation. Such a short-sighted policy can only lead to diffi- 
culties later on. Not merely efficiency must be retained, 
but the investment as well, and for the continued prosperity 
of the concern one is as necessary as the other. 

Efficiency is the test of present daily effectiveness. 
Depreciation is the slow process by which industrial plant, 
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whatever its present cfTectivcness may be, gradually ap- 
proaches the time of discard and replacement. 

Efficiency Not to be Impaired 

In case of extensive plants, as water works, electric rail- 
ways, and so on, a composite condition results from the 
existence of a large number of units of plant of tlilTcrcnt 
kinds in various stages of depreciation. Constant repairs 
and replacements prevent the plant as a whole from drop- 
ping in value below a certain percentage of cost new% or 
cost of reproduction. If we assume that normal depre- 
ciated plant value is S0% of reproduction cost, it is evident 
that the original investment has depreciated 20^^ in spite 
of renewals. But efficiency should remain at 100% as long 
as all necessary repairs and replacements arc made; and the 
producing powder of the plant should be increased if, instead 
of amortizing capital, replacement of values lost through 
composite depreciation is made by the purchase of addi- 
tional plant. 

There are other reasons why an old plant should possess 
a larger earning powTr than a new one, such as adapta- 
bility and smoothness of operation. These arc also addi- 
tional reasons for distinguishing between efficiency and 
depreciation. 



Part II — Practical Applications 


CHAPTER VI 

REGULATION BY COURTS AND COMMISSIONS 

The State’s Relation to Industry 

It is in accord with our present theory of government 
for the State to undertake in an increasing degree the 
regulation of industries. This is for the prevention of evils 
and the guarantee of good service to the public. This ten- 
dency assumes many and varied forms as it develops and 
extends into new fields. It has arisen because of the failure 
of competition to secure good service and proper treatment 
for all. In some cases the transactions of corporations are 
regulated with extreme minuteness, from general principles 
of policy to the details of daily routine. 

The Importance of Accounts 

An essential feature of any extensive business under- 
taking is its system of accounts. It concerns both the pro- 
prietorship and the public, frequently determining a policy 
that may benefit or injure the one or the other. It is not 
surprising, therefore, that accounting systems, methods, 
and theories have become the subject of legislative and 
judicial attention. With the rapid growth of corporate 
enterprise and the readiness with which large numbers of 
persons become co-sharers in the capital stock of big con- 
cerns, however small their respective holdings, there arises 
the problem of safeguarding their interests. When, owing 
to absence, ignorance, or other cause, they have no voice in 
the management of the enterprise which they promote by 
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their investments and to which they look for an increase in, 
or at least the preservation of, their wealth, they demand a 
certain amount of protection from the State. 

The stockholder is chielly interested in two thinj;s — 
the preservation of his capital, and the income derived fr('>m 
it. He reads his company's animal report, triistinj^' that the 
facts arc as indicated in the hal.ince .sheet and the prolit 
and loss statement. If they arc not, he has neither the 
assurance that his dividend is the real amount of his income 
nor that his capital is unimpaired. If all projicr chari^es 
have heen made against gross profits for tlie liscal perio(l, 
liis dividends represent true profit. If not, profits arc over- 
stated and capital is decreased to the extent of the error. 

Meaning of “Net Profits” 

Practically all tlie states have enacted law’s to the effect 
that dividends must he paid only from net profits; hnt there 
is some (juestion as to the signifa'ance of the plirase “net 
profits,” and a lengthy comliat has resulted over the (|iies- 
tion of the inclusion of an annual depreciation charge 
among the more obvious expenses, ^'et, of all expenses, 
this is perhaps the least avoidable, and net jirolits do not 
exist until proper allowance has been made for it. 

There is little disagreement in framing a dcfinitiiai of 
net profits in general terms, but trouble arises w'hcn we try 
to discover the detailed deductions that must be ma<le from 
gross profits to arrive at net profits. Thus an I'.nglish court 
declares net profits to be the excess ( current gains o\er 
the working expenses, as indicated by tin: revenue accounts 
and a New Jersey court says that net ])r(‘fit is tlie clear gain 
of a business venture shown after deducting the invested 
capital, the expenses of operation, and losses su^'laincd.* 

'In re Lon.Ion, etc., Banic, 72 L. T. 227; .ifTM (18?S). 2 Ch. 166. 

*Park V. Grant Locomotive Works, 40 N. J. Lq. l-l-l; 3 All. 162. 
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Division of opinion over these statements first occurs when 
we attempt to detail the actual working expenses, expenses 
of o])eration, and losses sustained. 

The meaning of these definitions is that capital must not 
he impaired liy declaring dividends out of it under the guise 
of profits. To say that capital must not be parceled out as 
dividends and that dividends must be declared out of net 
jirofits, is merely viewing the matter from different points. 
Tlie former expression is used when capital has been delib- 
erately encroached upon, as in Appleton v. American Malt- 
ing Company, where no question existed as to impairment 
of capital. The latter expression applies when the bulk of 
the dividend is proper but in addition to its inclusion of net 
profits it includes a little capital also. 

Preservation of Capital 

When capital is deliberately distributed through divi- 
dends, there is no ground for dispute. The courts are in 
such close accord as to its illegality and the personal respon- 
sibility of the directors for the amount of such illegal divi- 
dends authorized, that little need be said about it. But 
upon approaching the subject from the other side, to learn 
what reservations must be made in order to insure preserva- 
tion of the capital, the courts fail to satisfy us with either 
a clear or a consistent analysis. They point out and punish 
the gross offense, but they do not show how the evil results 
which that offense produces may be avoided when those 
effects result incidentally through the overpayment of divi- 
dends and consequent injury to capital. Thus, in the case 
of Belfast & M. L. R. Co. v. City of Belfast,^ the court 
asserted that before dividends could be declared, several 
kinds of charges must be met. “Therefore,” runs the de- 
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cision, there is a bonded, funded, permanent, or standing’ 
debt, the interest on it must be reckoned out of net earnings. 
If there is a floating debt which it is not wi.se or prudent 
to place in the form of a funded de])t, or to postpone for 
later payment, that should also be paid. If the financial 
situation of the company is such as to render it expedient 
to commence or continue the scheme of a sinking fund for 
the extinguishment of the company’s indebtedness some day 
or other, an annual contribution out of the net earnings for 
that purpose would be reasonable. These deductions made 
from the net earnings, the balance will be the i)r()fits of the 
company distributable among stockholders.’* 

Shall we .say that the corporation, after conforming to 
the court’s ruling, stood in no danger of impairing its capi- 
tal? Although this was an early ca.se, yet not witliout i)re- 
cedent,''’ the improvement since made — excepting a few 
decisions and the work of the Interstate Commerce Com- 
mission and of certain state puldic service commissions — 
has been slight. 

Decisions on Depreciation 

In the earlier ca.se (1878) of Union Pacific R. R. v. 
United States® the Supreme Court gave an admirable defini- 
tion of net profits: “Theoretically, the expenses chargeable 
to earnings include the general expen.ses of keeping up the 
organization of the company, and all expenses incurred in 
operating the works and keeping them in good condition 
and repair.” This case w^as a precedc’^t for the Maine court 
in Belfast & M. L. R. Co. City (,i‘ Belfast cited above, 
and, presumably, shaped that decision to a certain extent. 
But the weakness of the decision is its failure to define 

•The court quoted from the fnllowiriR in subst.nnliatioii ■ Taft v Hailroad Co., 
8 R I. 316; St. John v. Erie Ry. Co, 10 Hatchf. 271; S. C., 22 Wall. 136; 
Union Pacific R. R. v. U. S., 99 U. S. AQ2. 

" 99 U. S. 402. 
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accurately wliat expenses are necessary to keep a railroad in 
^00(1 condition. Did the court mean to include therein all 
charges now indicated under the three heads, repairs, re- 
newals and replacements, or did it refer to ordinary repairs 
only? 'The same decision is marred h}' the assertion that it 
is often better to charqe hetterments to revenue than to 
capital, which in itself is suflicient to upset all calculations 
as to net profits. 

Depreciation a Proper Charge 

In tlic same year that the decision in Union Pacific R. R. 
z\ United States was given (1SJ)8), the Supreme Court in 
United States 7\ Kansas Pacific Railway Company^ indi- 
cated that it limited the charges to gross profits to the ex- 
penditures actually incurred, refusing to accept as a proper 
charge to jirofits a sum indicated as necessary to put the 
road in j^roper repair but not actually e\j)endcd. This case 
draws a cU'an line between current repairs on the one hand, 
and deferred renewals and replacements on the other. It is 
difficult to understand how, under this ruling, a reserve 
could be established for replacement, or how any plan of 
extending the cost of extensive repairs over a series of 
years could be pursued. In the light of recent decisions of 
the Interstate Commerce Commission it is easy to see the 
inconsistency in the definition of net profits given by the 
Supreme Court and in its attempt to apply it. In more re- 
cent decisions of the Supreme Court, notably City of Knox- 
ville 7'. Water Company” and Willcox 7 '. Consolidated Gas 
Company,^ depreciation is regarded as a proper charge. In 
the former case the Su])renic Court says that a company 
“is not bound to see its property gradually waste, without 
making provisions out of earnings for replacement,” and 

'^0 0 S 459. 

"21J I? S. 1. 

"212 U. S. 19. 
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adds that it is privileg^cd to keep its property uniinpaired by 
the expenditure of earning^s, in order that after a period of 
years the original value may he still maintained. 

Our courts have done little to compel a regular charge 
to depreciation. Less conspicuous but more effective have 
been the efforts of public accountants — both in this country 
and in England — and also of bankers, to secure adeciuate 
depreciation charges. Many corporations now make regu- 
lar depreciation charges in order to .secure an unqualified 
audit certificate. Much time has been spent in clearing 
away false conceptions, and we arc entering upon a period 
in which what at first appeared to be an imjiroper charge, 
and then a legitimate one, is now regarded as a necessary 
one. The movement has been considerably aided by the 
publications of the Interstate Commerce Commission, 
which ])resent the results of long experience on the part of 
railway accounting officers and public accountants. The 
method of charging depreciation employed by the Commis- 
sion is the outcome of its attenijit to aid itself and others in 
arriving at the facts in railroad administration. 

How Depreciation Charge is Regulated 

It is unusual for the commissions, in their prescription 
of uniform systems of accounting, to more than suggest 
the amount or even the method of determining the 
amount of the depreciation allowance. It is deemed best 
to leave this to the judgment of those most thoroughly 
acquainted with the conditions in rach instance. Rather 
it is the principle of the accounting procedure that is en- 
forced, since this allows room fui’ variations in extent, 
rapidity, or character of depreciation. A brief description 
of the requirements of two leading commissions i)osscss- 
ing plenary powers over public service companies, viz., 
the Interstate Commerce Commission and the New York 
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Public Service Commission for the First District, in so fai- 
ns they refer to depreciation, will serve to show the 
present tendency. 

Regulations of Interstate Commerce Commission 

According to Act of Congress, the Interstate Com- 
merce Commission is given power to prescribe uniform 
accounts for gas and electric corporations in the District 
of Columbia. According to its published classification/^ 
the accounts arc divided into three fundamental classes: 
(1) operating revenue and expense accounts, (2) income 
accounts, ami (J>) balance sheet and capital accounts. 
Under these come the subdivisions, or primary accounts. 
Thus, for gas corporations, operating revenue falls into 
six distinct accounts, which arc designated by symbolic 
letters with annexed numerals, as GlOl, G102, and so on. 
Operating expenses for gas corporations are divided into 
five general classes: (1) production expenses, (2) trans- 
mission and distribution expenses, (I^) street and park 
lighting expenses, (1) commercial expenses, and, lastly, 
(5) general and miscellaneous expenses. Production ex- 
penses are separated into seventeen classes, four of which 
are maintenance accounts for work and station structures, 
power plant equipment, gas apparatus, and work tools, 
respectively. Transmission and distribution expenses are 
separated into nine classes, four of which are maintenance 
accounts for gas mains and .services, gas meters, distribu- 
tion tools, and gas appliances, respectively. Street and 
park lighting expenses are separated into two classes, one 
of which is a maintenance account for street lamps. Gen- 
eral miscellaneous expenses arc separated into sixteen 
classes, one of which is a maintenance account for general 

'“Effective JaniKiry 1, T>10 . 

" Uniform System of Accounts for C.is Corporations and Electric Corporations 
in the District of Columbia. 
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structure, and a second is an account for general amortiza- 
tion. A similar classification is followed for electric cor- 
porations. It is in these maintenance accounts that the 
(lci)reciation of the different capital accounts is expressed. 
In this connection it should he noted that the maintenance 
acct)unts and capital accounts arc coinj)lcmcnts of each 
other. 

Income accounts form the next general division, 
d'hcre are seventeen classes of these, the account for 
opera tin<^ expenses bein^ the one in which the deprecia- 
tion costs or expenses as expressed in the maintenance 
and depreciation accounts arc collected for deduction from 
gross income. 

The third jgcneral division is composed of the balance 
sheet accounts. These indicate assets, liabilities, and 
capital. The asset accounts arc twenty-five in number, 
and the liability and capital accounts fourteen in number. 
Liability account .‘>7 is entitled “Accrued Amortization of 
Capital,” and is complementary to operating expense ac- 
count G171-, entitled “General Amortization.” To Gen- 
eral Amortization (G174) an amount is charged monthly 
necessary to cover wear and tear, obsolescence, and in- 
adc(]uacy accrued during the month in the tangible capital, 
a reasonable amount for depreciation of intangible capital, 
and a sufficient amount to cover ordinary casualties, less 
the amounts charged for repairs in the various main- 
tenance accounts. The amount so charged is in turn 
credited to liability account 37, “A^ crued Amortization 
of Capital”; thus: 

General Amortization (G174) $ 

To Accrued Amortization of Capital S 

To cover depreciation, inadequacy, wear and 
tear, loss of intangible values, and extraor- 
dinary casualties, not covered in current 
maintenance for the month ending 
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Purpose of the Reserve 

It must be remembered that the reserve for accrued 
amortization of capital is wliat its name implies — an ac- 
count to adjust depreciation not made good through 
maintenance. The need of such provision was indicated 
in Cliapter I, "‘Character of Industrial Plant,” since, par- 
ticularly during the first ten or fifteen years of the utility’s 
life, depreciation greatly exceeds maintenance costs. The 
Interstate Commerce Commission suggests that the cor- 
poration’s experience during the preceding five years be 
considered in estimating depreciation. Permission is given 
to base the rate on the amount of gas sold. Whenever 
any capital is retired from service, the original money 
cost, less salvage, is charged to Accrued Amortization of 
Capital. This is proper, since the reserve has been ac- 
cumulated to offset the depreciation, which amounts to 
cost less salvage. In case of property purchased before 
December 31, 1000, however, the depreciation applicable 
to the period following that date only, can be charged to 
Accrued Amortization of Capital. The depreciation ac- 
cruing before that date should be charged to Profit and 
Loss, unless it was actually covered by a depreciation re- 
serve. In the latter case it would be charged to such 
reserve account. 

The plan adopted by the New York Public Service 
Commission, First District, differs only in detail from the 
above.'* 

Railroad Companies 

Railroad companies doing interstate business maintain 
the following general accounts for operating expenses:'^ 

Uniform System of Accounts of .Street and Electric Railways, effective 
January 1, 1909. Also Uniform System of Accounts for Electrical Corporations, 
effective January 1, 1909 

Classification of Operating Expenses, third revised issue (I. C. C.). 
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1. Maintenance of Way and Structures 

2. Maintenance of Equipment 
Traffic Expenses 

4. Transportation f'xpcnscs 

r>. General Expenses 

Under these general accounts are grouped primary ac- 
counts. Included under the general account “Mainte- 
nance of Equipment,” for instance, are twenty-nine primary 
operating expense accounts. Each subdivision of equip- 
ment — steam locomotives, passenger-train cars, electric 
equipment of cars, etc. — is given three separate primary 
operating expense, or maintenance, accounts for (1) re- 
pairs, (2) renewals, and (3) depreciation. 

Classification of Depreciation Charges 

1'he third revised issue of the classification of operating 
expense details the charges to be made to these accounts. 
Thus, to “Steam T^ocomotives — Repairs” arc charged cost 
of material used, less salvage, and cost of labor in repairing 
steam locomotives and tenders and their lixtures. 1 o 
“Steam Locomotives — Rcnc^vals” arc charged original 
cost, record value, or purchase price of steam locomotives 
condemned, destroyed, or sold, less the amount previously 
charged to depreciation to date of retirement and the 
scrap value. For “Steam Locomotives — Depreciation” a 
monthly charge of a certain per cent of the original 
cost, record value, or purchase piico, is made for the 
establishment of a reserve for future ’ cidacemciUs. Steam 
locomotives are one of the seven cla.sses of equipment 
upon which formal repair renewal and depreciation 
charges are required. These are: 

1. Work equipment 

2. Steam locomotives 
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3. Electric locomotives 

4. Passenger-train cars 

5. Freight-train cars 

C. Electric equipment of cars 

7. Floating equipment 

Before the third revision of operating expenses became 
effective on July 1, 1907, repairs, renewals, and deprecia- 
tion had been grouped in one account, “Repairs and Re- 
newals.” The change was made in the interests of better 
accounting, but in some quarters the impression gained 
ground that operating expenses would thereby be in- 
creased. This, as the Commission explained, would be 
the case only where property has not been maintained in 
the past. The amount charged for depreciation of prop- 
erty, as indicated, is credited to “Reserve for Accrued De- 
preciation.” This is a balance sheet account and should 
be deducted from the investment account “Road and 
Equipment” for the purpose of showing actual work as 
at the date of the balance sheet. The Reserve for Accrued 
Depreciation is both an adjustment and a clearing ac- 
count. It is a clearing account because when equipment is 
retired its cost, less salvage, is charged to this account.^* 

This appears to be an abandonment of the theory that 
railroads, owing to their extensive and varied assets, can 
with safety permit all charges for repairs, renewals, and 
replacements to be made to current revenue for the year 
or period in which repairs, renewals, and replacements are 
made. As a matter of fact depreciation to a certain ex- 
tent, say, 15 or 20%, will occur no matter how varied or 
extensive the equipment. Such loss in the investment 
can be guarded against only through depreciation re- 
serves. It is to be noted, however, that there is a differ- 

** Accounting Series, Circular No. 120, case 567. 
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cnce in the manner of handling such reservations under 
the plan suggested by the Interstate Commerce Commis- 
sion, from that sometimes followed. 

Two methods of handling depreciation reserves are in 
vogue — the insurance method and the sinking fund 
method. Under the sinking fund method a certain per- 
centage of the value of a property is written off cacli year 
and accumulated by compound interest, the investments 
usually being made in outside securities, so that when the 
time for replacement arrives the fund will be suflicient to 
purchase the property necessary to make the replacement. 
This it will do if the cost of the replacement is the same 
as the original value of the property replaced, or, if greater 
in value, with an additional expenditure, which will be, not 
a replacement, but a betterment. 

Under the insurance method, which is approved by the 
Interstate Commerce Commission, compound interest is not 
’’sed, and the fund is not designated for the replacement of 
any specific part of capital; nor is the fund accumulated 
through the depreciation charge reserved until it can be 
expended in replacing the identical property upon which 
it was figured. Rather it is spent wholly or [)artly during 
the same year in which it is charged, by replacing other 
equipment or purchasing additional equipment. Of 
course, the entire accumulation need not be spent during 
the year in which it is accumulated. Business policy must 
determine whether replacements or new equipment sliall 
be purchased, the decision lying ’Mlh the board of 
directors. 

Industrial Establishments 

Whether desirable or not, such detailed supervision of 
depreciation is not always found in industrial establish- 
ments. Yet the interesting facts about a railroad com- 



78 


PRINCIPLES OF DEPRECIATION 


pany do not differ essentially from those which we wish 
to know concerning an industrial concern. Wc study 
botli from similar documents — the balance sheet and the 
statement of ])rolit and loss — and therein the vital points 
arc similar. Although the assets are different in form, it 
is equally important that they be protected; and although 
the sources of income differ, the percentage of net profits 
measures the relative success of the undertakings. 


Present and Future Conditions 

The Interstate Commerce Commission has made clear 
that a charge may be made for repairs or renewals even 
though it be not all expended within the period covered 
by the statement of profit and loss. The Commission 
states that it is not intended to say that the entire ac- 
cumulation of a year must be expended during the year.^'* 
This simplifies matters greatly. It makes it possible to 
write off a developmental expense over a series of years; 
also to accumulate a fund for the future replacements of 
expensive material assets. 

The first steps having been taken in the direction of a 
compulsory depreciation charge, it remains to be seen 
how far the reform will extend, ddic Slate Utility Com- 
missions are seconding the Interstate Commerce Commis- 
sion by introducing in their work the principles of de- 
preciation. 

The chief factors that will make for or against a com- 
pulsory depreciation charge in the future arc: 

1. The general tlicory of the State’s relation to in- 

dustry. 

2. The efficiency of corporate management when not 

interfered with by the State. 


Accounting Series, Circular No. 13, page 2. 
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3. The tendency of industries to organize in a way 

to invite control by commission. 

4. The attitude of professional accountants and the 

candor with which they urge that which the 
State may compel if they fail. 



CHAPTER VII 


THE INCOME TAX 

The Income Tax in England 

In England taxation of incomes has served as a means 
of raising revenue longer than in the United States. Before 
1878, English corporations, in the determination of their 
taxable incomes, were not allowed to make any deduction 
from income to cover depreciation. The law granted the 
deduction of actual expenditures for repairs and renewals, 
but not in excess of the average expenditures for the pre- 
ceding three years. Allow'ance could not be made for ex- 
isting depreciation unless money had been paid out to cover 
it. In 1878 the law was altered to permit the deduction of 
a reasonable amount for the diminished value of machinery 
and plant resulting from wear and tear. Depreciation was 
not mentioned in the law, nor was an allowance for obso- 
lescence permissible. Buildings were not specifically men- 
tioned in the Act. 

In 1897 a complaint made to the Chancellor of the Ex- 
chequer brought the reply that no objection would be made 
to a deduction from the assessable profits of the year of so 
much of the replacement cost as was represented by the 
existing value of the replaced machinery. This allows 
nothing for composite depreciation. The Finance Act of 
1907 provides that no allowance can be made in excess of 
an amount which, when added to previous allow^ances, 
equals in amount the cost of the plant plus any additional 
capital expenditures. The Finance Act of 1910 grants 
some further relief in the way of allowances for main- 
tenance and repair of land and farm buildings, 

8o 
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English Income Tax Decisions 

In the English case of Knowles v. McAdani (1877) a 
deduction from the income of a mine property to cover 
exhaustion of capital was permitted, but this decision was 
probably reversed in the case of Coltness Iron Company 
Black (1881), where the charging of the cost of sinking 
new shafts to replace old ones was not allowed. It seems, 
however, that there is no objection to an allowance for the 
cost of sinking a shaft when minerals arc secured therefrom 
which arc a source of profit for the year in which such 
shaft is sunk. In Coltness Iron Company z\ Black the de- 
duction disallowed did not represent the cost of shaft sink- 
ing during the year, but rather expenditure on borings and 
shafts exhausted during the year. The latter is the better 
basis, so the situation appears unsatisfactory. 

The Income Tax in the United States 

The first income tax law in the United States was en- 
acted in 1801 and repealed in 1872. A tax of 2% on 
incomes in excess of $4,000 was levied by act of Congress 
in 1804, but this law was declared unconstitutional. In 
1000 the so-called Corporation Tax Law was passed. 
Although nominally an excise tax, in many ways it re- 
sembled an income tax limited to corporations. 

The Corporation Tax of 1909 — Depreciation Charges 

This act levied a tax of 1% upon tlie net income of 
cori'orations, joint-stock companies, or insurance com- 
panies, in excess of $5,000. In arrivng at the net income 
of such concerns, deductions were allowed for expenses, 
interest, taxes, depreciation, and certain other items. 

In returns to the Commissioner of Internal Revenue, 
the amounts allowed for depreciation were required to be 
stated separately from other losses. Detailed regulations 
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were promulgated by the Treasury Department.^ These 
provided that before depreciation could be allowed it must 
have actually occurred, and should be estimated with the 
aid of the best data obtainable from other similar properties. 
The depreciation was also charged off on the books of the 
corporation claiming it. It was not necessary, however, 
that the book value of the asset be itself reduced, for by a 
special ruling (May 9, 1012) permission was given to make 
such charges in the form of a nominal reserve, deductible 
from the corresponding asset. 

The Treasury Department ruled that the deduction for 
depreciation should be based on four considerations: (1) 
the lifetime of the property, (2) its cost, (3) its value, and 
(4) its use; all evidenced by ledger entry as already noted. 
It is worthy of mention that in the regulations for the in- 
come tax of 1013, value is omitted from consideration, 
evidently with good reason. 

The Corporation Tax of igog — Stocks, Bonds, and Real 
Estate 

Stocks and bonds owned could be adjusted annually, 
such adjustment being made a matter of ledger entry, and 
depreciation or appreciation deducted or added, as the case 
miglit be. Or, if held as permanent inve.stments, no account 
could be taken of them until disposed of, when loss or gain 
over original investment was to be prorated and the amount 
belonging to the period since the incidence of the tax added 
to or deducted from gross income, as the case might be. 
Increase or decrease in the value of real estate sold, when 
not determinable for each year, could be similarly prorated. 
Allowance was not granted for premiums on stocks and 
bonds arbitrarily charged off. The shrinkage must have 
been actual. If buildings were voluntarily removed, as in 

' Treasury Decisions 1727, 1742, 1754, and 1796. 
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case of replacement, the resulting' los^, it not covered hy 
depreciation already provided, was not allowed, but was 
considered as entering into the cost of the new structure. 
An allowance for depreciation of the corporation’s own 
stock was not granted, as such a loss was not that of the 
corporation but of the stockliolders. Identical treatment of 
slocks and bonds is not altogether proi)er, nor is the sug- 
gested method of bond valuation accurate.” 

The Income Tax of 1913 

I'he Excise Tax of IhOl) has been sui)crscdcd by the 
Income d'ax of llMd. An amendment to the Constitution 
has removed the fundamental objection to this kind of tax, 
and it is now considered a fixed part of our fiscal system. 
Section 2 of the Act of Congress, Octolier 15, lt)i:>, pro- 
vides, inter alia, that the net income of coriiorations and 
joint-stock companies shall be ascertained by deducting 
from the gross income received from all sources during ibe 
fiscal year: first, all ordinary and necessary expenses paid 
during the year in maintenance and operation, including 
rentals of property; second, all losses actually sustained 
during the year not compensated by insurance or otherwise, 
including a reasonable allowance for depreciation arising 
from use and wear and tear of property. In the case of 
mining corporations, the law also grants a reasonable allow- 
ance for the depiction of ores and all other material deposits, 
not in excess of 5% of the gross value, at the mine, ol the 
output for the year for which the CMinjnitalion is made. 

In the case of corporations exi ting under the law's of 
foreign countries, net income is ascertained by deducting 
the allowances, including depreciation, from the gro^s in- 
come accruing within the year from investments made and 
business transacted in the Ihiitcd States. 

^ See Sprague’s “Accountancy 'if Invisinicnt ’’ 
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For the determination of the income of individuals, the 
wording- of the law, with respect to the allowance for 
depreciation, is slightly different than for corporations. 
For these latter a reasonable allowance is granted for 
depreciation resulting from use and wear and tear of 
property ; for individuals a reasonable allowance is granted 
for depreciation resulting from exhaustion and wear and 
tear of property arising out of its employment in Inisiness. 
'riic difference is immaterial, however, and is not recognized 
in the regulations promulgated by the Commissioner of 
Internal Revenue. 

Allowance for Exhaustion 

The allowance for exhaustion and wear is for such as 
has occurred for the year assessed, not for preceding 
years.'’’ In Addic & Sons zk Solicitor of Inland Revenue,^ 
it was held that no deduction could be made for pit sinking 
or for depreciation of Iniildings and machinery. In Little 
Miami, etc., R. R. v. U. S.,"’ it was held that estimated de- 
preciation of assets may be deducted. Sums carried to the 
surplus or contingent fund cannot be deducted, though 
afterwards lost.” Sums carried to account of a repair fund 
come within the above, and cannot be deducted.^ In Eng- 
land depreciation of machinery due to removal of business 
is a capital loss and not deductible.” In Burnley Steamship 
Co. V. Aikin,” a steamship company was allowed a deduc- 
tion on (1) loss of earning power from obsolescence, and 
(2) loss of market value from wear and tear. The Knox- 
ville Water case and the Consolidated Gas case are com- 


• Clayton v Newcastle-under-Lyme, 2 Tax Cas. 416 (1888); Hall & Co. v. 
Rickman. 54 Week. lUp. 380 (1900). 

• 1 Tax (as. 1 (1875). 

“ 108 U. .S. 277; 27 L. Ed. 724 (1883). 

• Solicitor General Phillips, 14 Ops. Atty. Gen. 643 (1874). 

’ Ruling, 2 Int. Rev. Rec. 100. 

" Smith V. We.stinghouse Brake Co., 2 Tax Cas. 357. 

*3 Tax Cas. 275 (1894). 
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merited on elsewhere. Most of the cases are English, and 
so may not be a precedent for American courts. 

In Great Britain the owner of both the mine and the 
estate of which the mine formed a part was not allowed a 
deduction for partial exhaustion of the mine.^" The House 
of Lords, in Coltness Iron Co. v. ]>lack,“ held that a mine 
owner is not entitled to a deduction for capital expended in 
making bores and sinking pits which had been exhausted by 
the year’s working, thus apparently overruling Knowles 
McAdam.'^ In Bonner v. Bassett Mines, Ltd.,’’’ it was held 
that it was wrong to allow a deduction for a tin mine shaft 
sunk fifty fathoms further down for the ])urposc of dis- 
covering lodes. The money rcriiiired for sinking the shaft 
was held to be a capital expenditure. 


Stratton’s Independence, Ltd., v. Howbert 

This decision’^ is of considerable importance in deter- 
mining the status of mining corporations under the income 
tax law and deserves special attention. Stratton’s Inde- 
pendence, Ltd., was an luiglish corporation engaged in 
mining in Colorado. Suit was brought in the District 
Court of the United Stales, l.)istrict of Colorado,’'* by the 
corporation to recover taxes paid under protest to the Gov- 
ernment for 1900 and 1910, under the Corporation Tax 
Act of 1909, on what was presumably income but which the 
corporation declared represented depreciation of its capital 
assets. Briefly, the point at issue was, what deductions 
should the corporation be permittu! to make from gross 
income in order to arrive at taxable net income? No 
question was raised as to the appropriateness of deducting 


Miller V. Fairie, 16 Scot. L. R. 189 (1878), 
1 Tax Cas. 287 (1881) 

26 Week. Rep. 114 (1877) 

Law Times, Dec. 31, 1912, page 
L. Ed. Advance Opinions, Jan. 15, 

No. 5781. 
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ordinary expenses of operation. Disagreement arose over 
the amount that should he allowed for depreciation of capi- 
tal resulting from the extraction of ores. 

It is agreed that income for purposes of dividends, in 
case of mining companies, may include a portion of the 
capital.^*' Therefore, the District Court held that if the net 
income for dividend purposes is not affected by the amount 
of the ores extracted, it should not be affected for purposes 
of the excise tax. From this and other statements made by 
the court in this case the inference might be drawn that no 
allowance whatever could be made for depletion of minerals. 
Thus the court suggests that the practical result of deduct- 
ing depreciation of ores would be to free the company from 
payment of any tax whatever. In this instance such would 
be the case, because the company held that the depletion of 
the ores amounted to their actual selling price after being 
mined, less cost of extraction. This leaves no income what- 
ever. It seems clear that the court’s statement that depre- 
ciation as applied to buildings, etc., cannot be enlarged to 
apply to ore extracted, is made in view of the particular 
claims of the company. 

The trial was based on an agreed statement of facts, to 
wit : that for the year 11)0!) the gross sales of ores amounted 
to $281,082.85; the cost of extracting the same, $190,- 
9139.42; and that the value of the ores thus extracted in 
1909 was $90,740.-13 when still in the mine. In other 
words, the difference between gross sales and cost of ex- 
traction exactly equaled the value of the ores before ex- 
traction. The facts for the year 1010 were similar. 

The company appealed the case and on a certificate 
from the Circuit Court of Appeals the Supreme Court of 
the United States affirmed the decision of the lower court. 
Being made upon an agreed .statement of fact, this decision 

See Morawetz on Private Corporations, $ 442. 
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is in no way opposed to the Treasury decision permitting^ a 
reasonable deduction for the depreciation of ores on the 
basis of their value in ioto, or on the basis of oripnal cost 
as required under the Income Tax of 11)13. The Supreme 
Court in its decision states that a definition of value of ore 
in place was adopted with the intention of excluding^ any 
allowance for profit, that it is fallacious to assume that the 
ores ])ossessed any such value before they were mined, and 
that property is to be valued not on latent or occult values, 
blit on practical considerations arfectin<r market value. 

No depreciation was charged on the mine’s books, but 
the court did not express an opinion as to whether this was 
a matter of material importance. 

Interpretation of the Income Tax Law 

Under the Income Tax of 1013, the Commissioner of 
Internal Revenue prescribes that, in accordance with the 
law, the allowance for depreciation from exhaustion and 
wear and tear cannot, in the case of mines, exceed 5/^ of 
the j^ross value at the mine of the year’s output. This does 
not include the expense of restorins^ property, nor can it 
include an allowance to make t^ood exhaustion already 
allowed. By g;-ross value at the mine is meant the actual 
market value of the outpul, coal, crude oil, etc., at the mine 
or well if the price is established by sale at that place. If 
established at some other place, or on the basis of bullion 
or metallic value, then such established value less transpor- 
tation, reduction, and .smelting^ char^v'. is held to represent 
c^ross value at the mine.^^ The depreciation allowance must 
be based upon the shrinkag^e of the aetual investment, and in 
case it appears that the established allowance may return 
the capital inve.sted before the mine is exhausted, the allow - 
ance must be diminished in accordance with the estimated 


Income Tax Regulations, Acts 6 and IA2 
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number of years the minerals will last. If the capital in- 
vested is thus returned to the corporation before the 
minerals are exhausted, no further deduction shall be made. 

How Deduction is Limited 

A variation exists in the wording of the law in its appli- 
cation to mines owned by individuals and those owned by 
corporations.*^ In the former case it provides a reasonable 
allowance for exhaustion and wear and tear of property 
arising out of its use or employment in the business, not to 
exceed 5% of the gross value of the output in case of 
mines. But for corporations it says all losses sustained, 
including a reasonable allowance for depreciation by use 
and wear and tear of property; and in case of mines a 
reasonable allowance for depletion of ores and all other 
natural deposits, not to exceed 5% of the gross value of the 
output, I'hc former would seem to limit the total deduc- 
tion for depreciation to 5% of the gross value of the output 
at the mine; while the latter specifically states that a rea- 
sonable allowance shall be deducted for depreciation from 
use and wear and tear, if any, and an allowance for deple- 
tion of minerals, not in excess of 5% of the gross value of 
the output at the mine. Article 142 of the Income Tax 
Regulations indicates that in the interpretation of the law 
no such distinction should he made. In referring to the 
allowance for both individuals and corporations it says that 
if such rate of 5% will tend to return the investment before 
the deposits are exhausted, it should be reduced. Article 
143 of the regulations specifically grants to corporations an 
allowance for depreciation of plant over and above the 5% 
for depletion of ores. There is no reason why individuals 
should be given less. 

Following arc comments on the regulations supplied by 

w Income Tax Regulations, Acts 6 and 142, 



THE INCOME TAX 


89 


the Commissioner of Internal Revenue. Likenesses and 
differences in the administration of the Income Tax of 1913 
and the Corporation Tax of 1909 are noted. 

Sale of Capital Assets 

In case of property acquired after January 1, 1909, and 
later disposed of, the difference between cost and selling^ 
price shall constitute an addition to or subtraction from 
gross income of the year in which the property is sold, ac- 
cording as it represents a loss or a gain. In case of prop- 
erty acquired before January 1, 1909, such difference be- 
tween cost and selling price should be prorated, and the 
amount of the difference applicable to the period since 
January 1, 1909, added to or deducted from gross income 
of the year in which the sale is made, accordingly as it is a 
gain or a loss.^® This is the same provision as in the law 
of 1909. 

Good-Will 

No allowance is granted for depreciation of good-will.”'® 
This is the same as under the law of 1909. 

Bad Debts 

To be a proper deduction they must be charged off on 
the books, and treated as income if later collected. This 
is the same as under law of 1909. 

Reserve for Anticipated Losses 
Not a proper deduction. 

Removal of Buildings 

If not already charged to depreciation the loss thus in- 

Income Tax Regulationi, Art. 109. 

“•Ibid , Art. 136. 

" Ibid., Art. 125. 

*» Ibid., Art. 126. 
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curred must be charged to the new structure.^^ This is the 
same as under law of 1909.^^ 

Incidental Repairs 

These should he deducted as expenses."'’* 

Depreciation Reserve 

The depreciation reserve must he employed only for 
making good, losses on the property for which it was cre- 
ated. If the reserve exceeds the required amount it should 
he restored to income."'* If any part of it is used for an- 
other purpose, income must he correspondingly increased."^ 

1'he advisal)ility of restricting the use of the deprecia- 
tion reserve to the renewal of losses on property for which 
it was created, miglit he queslioncd. It is clear, however, 
that the pur])0se of this clause is to prevent the employment 
of the reserve for purposes altogether foreign to that for 
which it was intended, making its legitimate use impossible. 

Bonds 

If a corporation purchases bonds al)ovc par it may de- 
duct from gross income an amount proportionate to the life 
of the bond, providing this amount is written off on the 
books so that the book value will equal redemption value 
when the bonds fall due. The amount of the amortization 
must be proportioned with respect to three things: (1) 
purchase price, (2) maturity value, and (3) time of ma- 
turity. When bonds arc Issued below par, and must be 
redeemed at par when they mature, the loss thus sustained 
by the issuing corporation should be prorated over the life 
of the bonds.'*'* Treasury Decision 1742 also permitted 

“ Income Tax 'Regulations, Art. 127. 

“Treasury Decision 1742. 

“ Income Tax Regulations, Art. 131. 

“Ibid., Art. 132. 

Ibid., Art. 133. 

» Ibid., Art. 135. 
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annual additions or deductions for stocks under the law of 
1001). These are discussed under the “Sale of Capital 
Assets” on page 89. 

Patents 

The investment in patents is made up of the cost of ol)- 
taining tliem — fees, drawings, models, etc. Since patents 
are monoi)olies granted for a period of seventeen years, the 
amount of the deduction allowable for depreciation of 
{)atcnts sliould be one-seventeenth of their actual cash cost. 
Tf the patent is bought outright, the price paid therefor 
represents its cost. Tf paid for in securities, then the actual 
cash value of the securities given is its cost.”” Tf a patent 
becomes worthless before the end of the seventeenth year, 
that part of its cost not yet deducted may he deducted from 
gross income in the year in which the fact of sucli worth- 
lessness is discovered, and sucli unreturned value sliall he 
such part of original cost as the remaining nunil)er of years 
the patent has to run is part of seventeen years.”'^ 

Timber Land 

The purpose being to return to the corporation an 
amount which, added to salvage value of land, will ccpial 
the amount actually invested, corporations owning timber 
lands and disposing of their timber will be allowed such 
amounts for depiction as will secure to themselves their 
original investment.”^ Further deductions are not allow- 
able after an amount equal to the inv'‘sinicnt less salvage 
lias been returned.”' 

Natural Deposits, Coal, etc. 

Depreciation must be based on actual cost of such dc- 

” Income Tax RcKulalions, Art. 137. 

“Mbit!., Art. 138. 

Ibid., Art. 139. 

Ibid., Art. 140. 
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posits. Treasury Decision 1742 instructed corporations to 
value their deposits of minerals, etc., as at January 1, 1909, 
not on the basis of ordinary selliiLt^ value less whatever it 
mig^ht cost to do the mining, as was done in Stratton’s In- 
dependence, Ltd., V. Howbert, but on the basis of salable 
value of the entire deposit — en bloc — as at that date. What- 
ever the unearned increment at that date might be, it was 
to be excluded from the item of gross income. Therefore, 
if additional minerals are discovered later, investment cost 
may be returned before such additional minerals are ex- 
hausted. Further deductions should then be discontinued. 
The unearned increment is altogether neglected by the later 
regulations for the income tax.^^ When the mines are 
operated on a royally basis no deductions can be claimed 
for depreciation.^^ 

■ Income Tax l^egulations, Art. 146. 

•• ibid., Art. 145. 
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VALUATIONS 

State’s Relation to Industry 

Today the valuation of the properties of public service 
corporations for purposes of rate-niakintj-, purchase, taxa- 
tion, and capitalization constitutes an important function of 
commissions and courts. Industries that are clothed with 
a [)ul)lic interest are now placed in a separate category, 
although their complete legal status docs not appear as yet 
to he definitely outlined. Some fundamental distinctions 
exist between them and ordinary private enterprises, which 
necessitate considerable governmental supervision of the 
former. The interest of the public is directly involved — 
consequently the need of safeguarding it by some form of 
state control. 

The past few years have witnessed a remarkable change 
in the relation existing between the State and these public 
utilities. It was formerly thought that competition was 
the essential rcgidating factor in all instances ; but 
monopoly is now recognized as a permanent and unavoid- 
able condition with which the Government must de.'d 
Where conditions are favorable, competition affords the 
needed forces for the cquitahle adjustment of rates. Wliei c 
rates are exorbitant, competition lowers them oi else 
eliminates those who are unable to >eh at normal ])rices. 
But in the absence of competition the regulative function is 
more and more coming to be performed by the State. 

Recent Industrial Changes 

Fifty years ago many of the modern industrial institu- 

93 
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tions were either unknown, or so new that their real posi- 
tion in relation to the cunsuincr was not fully appreciated. 
Transportation facilities were so needed that franchises, 
^n*ants, and privileges were given without any great amount 
of reflection upon the ultimate effect of such action upon 
the community. However, with the great industrial de- 
velopment of recent years, the growth of cities, the altera- 
tions in industrial and commercial methods, and the consc- 
(juent changes in economic theory in conformity with these 
newer conditions, it has been found necessary to scan care- 
fully the State’s relation to industry, with the result that 
today the control of public utilities by the State is univer- 
sally recognized as one of its legitimate functions. This 
interference finds points of contact in the State’s i)owcr to 
tax and to determine an ecjuitable charge for the services 
which the various public utility corporations render. 

Taxation of Public Utilities 

d'axes arc essential to the existence of government and 
should be equitably borne by the property whose existence 
is made possible and pcrj)etuated by the protective agency 
of the State. Assessments and valuations are made to en- 
al)lc the State to levy taxes, which are just in proportion to 
the State’s ability to determine the cquitalde basis of com- 
putation. The problem is always difficult because of the 
difficulty of judging property values, both tangible and in- 
tangible. The work of valuing public service utilities is 
peculiarly difficult because of the complex character of their 
physical make-up, the difficulty of accounting for intangible 
values and of giving due weight to depreciation, the un- 
earned increment in increasing land values, etc. 

Public Utility Service 

Public utilities affect the welfare of the people whom 
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they serve, through quality and kind uf service offered and 
charges deinandecl. Usually they jmssess monopolistic 
franchises granted by the State or municipality. Often- 
times they are exclusive producers of a service because an 
attempt to duplicate this work results in disastrous com- 
petition, or is impossible. Two characteristics of public 
utilities — monopolistic form and extensive public service — 
make commission control desirable. Competition cannot 
act as a regulative force, since it leads to injurious rate 
wars and expensive duplication of works, thus sacrificing 
the interests of the public. 

Public Service Commissions 

Tile state railroad commi.ssioners have shown the 
ability of the State to control, to a greater or less degree, 
an industry of a quasi-public character; while many states 
now have public service commissions whicli were formed by 
expanding the power and jurisdiction of existing commis- 
sions, or were newly erected by legislative enactment. They 
arc clothed with plenary powers of regulation and rate- 
making over the various public service corjiorations en- 
gaged in tlie telephone, telegraph, street railway, water and 
gas sup[)ly businesses, collectively known as ])ul)lic utilities, 
and adapted to control ])y commission for the reasons noted. 

Growth of Commission Regulation 

Already in several states the work of valuing bnili the 
physical and non-physical propertirs of piil)Iic service cor- 
porations has been extensively nude taken. I’rinciples gen- 
cniing all possible cases liave not been finally promulgated, 
it is true, hut much has been accomplished in the w^ay of 
establishing sound rules of procedure. In many cases prece- 
dent is sufficiently strong and authoritative to make pos- 
sible a statement of what may be expected to be the future 
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policy. In other cases reports and decisions are conflicting, 
and the ultimate outcome must depend upon further 
elucidation of the matter or upon the decision of the 
Supreme Court of the United States — or both. 

Massachusetts took the lead with the formation of a 
board of railway commissioners and with the organization 
in 1885 of a gas and electric light commission, while the 
control of telegraph and telephone companies was placed 
in the hands of a board of highway commissioners. Cor- 
porate capitalization and the issuance of securities liave 
occupied chiefly the attention of the Massachusetts commis- 
sioners. Valuation for rate-making was exhaustively made 
by the Minnesota Railroad and Warehouse Commission, 
created in 1809, while the Railroad Commission of Texas, 
organized in 1891, has sought to ascertain the reconstruc- 
tion value of the railroad bed, track, depots, and transpor- 
tation facilities belonging to the railroads in the state. In 
1007 New York established two public service commissions, 
having control of railroads, and electric and gas public 
service utilities. The Public Service Commission for the 
blrst District has jurisdiction in Greater New York, while 
the other has control over the remainder of the state, in- 
cluding telei)hone companies within New York City. In 
1905 Wisconsin placed the control of express companies in 
the hands of her Railroad Commission, and later placed 
under its control practically all other public service corpora- 
tions, thus transforming it into a full-fledged public service 
commission. Many other states have followed the example 
of these and the principle of commission regulation is fully 
established. 

The Valuation Problem 

It can be definitely stated that a differentiation must be 
made among valuations for different purposes, such as rate- 
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making’, purchase, etc., but it is soinctinies difilicult to say 
just how tlic differentiation should be made. Just what 
values ought to be excluded in one case or included in an- 
other, is a concrete problem that can be solved only in con- 
nection with the circumstances of each individual valuation. 
Taxation valuations must not be confused with valuations 
for purposes of capitalization, or valuations for rate-mak- 
ing. In Texas a valuation was made of the i)hysical 
property of railroads for taxation purposes, but tlie Su- 
preme Court of the United States declared tliat the results 
could not be used for rate-making because tlie basis of 
valuation was too narrow to comprehend all the elements 
of value. 

It is often admitted that tax values of physical property 
ought to be stated below capitalization values, to prevent 
overtaxation of tangible property; and it was recently dis- 
closed that St. Paul tax values equal about 00 of normal 
selling prices.^ One public service commission states that 
its findings for capitalization purposes arc not intended for 
rate-making purposes.' A corporation may perhaps hold 
assets for speculation, but not employ them in providing its 
customary services to the public. Consequently the cor- 
poration may not be justified in including such pro[)erty 
with tliat upon whicli it bases its rates, although it ought to 
pay taxes on it. Methods and results of one valuation 
may be useful in another, hut a valuation must be made with 
a view to its particular object. 


Depreciation in Valuations 

It follows that, from the stan(li)oint of valuation, cer- 
tain factors may or may not be of weight. Deprccialifju is 


1 Supplement to the Annu.M T?rport of Railroad and W’archouse Com- 
mission of Minnesota, Nov 30. lUns, p.u'j 16 . 

‘‘P. S. C. R. (First District. N.-w Voik), rt? Keou-.nizali.m of Metropolitan 
Street Railway Cu., Case No. 1305. 



n8 PRINCIPLES OF DEPRECIATION 

an important factor in most valuations where physical 
property is under examination, and sometimes even in the 
ease of intangible property. It would appear that tlic only 
fluestion as to the inclusion or non-inclusion of deprecia- 
tion is answered when we have determined whether items 
of a depreciating character are to be included or omitted. 
Is depreciation a condition whose weight is determined by 
the purpose of the valuation, or is it absolute and inde- 
pendent of the purpose for which the valuation is made? 
Evidently the latter, for although different estimates may 
be made of its amount, this is due to disagreement on the 
part of those who do the valuing. They attempt to dis- 
cover, and perhaps disagree upon what all admit to be in 
fact the same. 

This granted, the problem of depreciation remains the 
same under all circumstances, whether the valuation is for 
rate-making, taxation, capitalization, or purchase. Here 
depreciation means reduced service value, and is usually 
measured in terms of dollars and cents. It will be the 
same for each item, although items that are included in one 
case are properly omitted in another. The difference is not 
one of depreciation, but of the inclusion or exclusion of 
depreciating values. 

Depreciation is an important factor in valuations. Its 
determination is a different problem from the ordinary one 
in depreciation — writing down assets and creating funds 
for their ultimate replacement. In valuations we seek 
present values — values of today — not a notation of depre- 
ciation over long intervals with a view to ultimate re- 
placement. The worth of an asset at some particular time 
in its life has not much bearing on ultimate rci)lacement. 
To create a replacement fund we need know only lifetime 
and replacement cost. Greater rapidity of depreciation may 
occur early or late; the replacement fund can nevertheless 
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be formed by equal additions each year, or by greater or 
smaller additions during either the earlier or later years. 

By this is not meant that these two phases of tlie de- 
preciation problem are entirely .sci)arated from each other. 
Rather it is intended to show wherein they differ and af- 
ford opportunity for comparison. If the gradual progress 
of depreciation could be accurately measured and some sys- 
tem employed by which the costs of the increments to the 
replacement fund could be made exactly equal to the costs 
of the losses through depreciation, then the two problems 
of valuations and replacements would be reduced to the 
same basis. Nor is it intended to say that this is alto- 
gether impossible. But it must be borne in mind that the 
amount in the depreciation fund and tlie actual depreciation 
need not of necessity equal each other, and certainly in most 
cases where a fund is formed by any of the methods in 
vogue — sinking fund, reducing balance, etc. — they will not 
be c(iual. 

Present Value vs. Cost of Reproduction 

In all valuations the distinction must be made between 
cost or cost-to-reproduce on the one hand, and present 
value on the other. Usually the comparison must be made 
between cost-to-reproduce and present value, because 
original cost is in most cases difficult to learn. Could it he 
learned, it would not be just to utility companies to deduct 
depreciation from original cost to find present value, for 
this would be ignoring appreciat’ n due to the unearned 
increment in land, etc. For purpe -cs of reidaccmcnt, hf)w- 
ever, original cost should serve as the basis for compnfn- 
tion of the replacement fund. 

That this is right the answer to the following proposi- 
tion will indicate: A machine cost originally $100 and must 
be replaced after ten years, at which time an identical 
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machine can be purchased for $150. Should the deprecia- 
tion l)e reckoned on the basis of oric^inal cost or of replace- 
ment cost? It seems clear that original cost ought to be 
the basis. To use replacement cost as a basis would permit 
the amortization of $150, wdiereas only $100 was invested. 
It would be presumptuous to assume that the original 
machine, which cost $100, took on during its lifetime an 
additional $50 in value merely because it will cost $150 to 
replace it. This greater cost is due to the increase in labor 
cost, cost of iron, etc., which in no way affects the original 
machine except possibly for selling purposes — usually a 
remote possibility. The additional $50 put in the new 
machine is an increase in tlic investment and should be 
charged to betterments. That rates ought to be increased 
to permit a reasonable return on .such increases in the in- 
vestment, is granted; but the increases themselves should 
not be paid for by the consumers. Nor does this mean that 
increases in investment arising from community develop- 
ment, scarcity of land, etc., cannot be considered a part of 
the investment upon which a return may be allowed. It 
simply means that the consumer cannot be expected to 
furnish the investment, and in addition replace it and pro- 
vide a reasonable return thereon out of his pocket. 

By comparison of co.st-to-re])ro(luce and present value, 
the amount of depreciation is supposedly found, although 
this overstates depreciation if in cost-of-reproduction we 
include increased cost of replacing wasting assets. Such 
increase is not depreciation but additional investment, as 
showai in the preceding paragraph. 

Present value plus replacement fund — if it exists — may 
not equal or even approximate cost-to-rcproduce, althougli 
it is sometimes assumed that it does. It ought not if wast- 
ing assets can be replaced only at increased cost, which in- 
crease should be represented by additional investment. 
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Whether or not it does is of inipoiiaiice in makin" rci)lace- 
ments rather than in inakini; valuations. As staled in the 
Metropolitan reoroani/ation case, the problem is not how 
to meet and provide for decrease in values, hut what is the 
fair value of the plant at pre^^ent.** Reserve funds may 
provide ultimate replacement even thoui^h capital remains 
impaired to a considerahlc extent in tlie meantime, which 
w ill occur unless the fund accumulates at least as rapidly as 
value disappears. 

Depreciation as Affecting Basis for Rates 

Depreciation is a factor which determines values, and 
conser|ucntly must he considered in fixing an e(i'iitahle basis 
for rates. To appreciate the hearing which depreciation 
lias in this matter it is necessary to keep in mind tlie 
significance of the several bases that have been advocated 
for the making of rates. Tliese arc: original co^t, cost-to- 
reproduce, and cost-of-rcproduclion-less-depreciation. 

By original cost is meant actual money investment at 
the lime of acquisition and construction. Althougli this 
method has some desirable features, it is generally admitted 
that it cannot be adopted as a basis for rates. Good ac- 
counting seeks to preserve the original cost figures, but 
usually these arc lost in the various processes of reorgani/a- 
tion, consolidation, etc. Tf preserved, they should be use<l 
rather to assist in finding an equitable basis for rates, than 
in being made to serve as such a basis. Discussion f'<‘nters 
chiefly about the cost-to-rejiroducc md cost-of-reproduc- 
tion-less-dcpreciation methods. 

Cost-of-Reproduction Basis 

Cost-of-reproduction as a basis for rate-making has 
been and is still held to be the true basi , upon which to 


’P. S. C. R. (First Distiicl, New York), Case No. 1105, page 155. 
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determine rates. Those who uphold tliis method assert 
that a distinction must be made between the efficiency of a 
utility and its value when determined for purposes of sale; 
that so long as the service performed is equally good as 
when the utility was new, it is immaterial to the consumer 
what the extent of the depreciation amounts to. 

That depreciation ordinarily bears little or no relation 
to efficiency is shown in Chapter V, “Depreciation and 
h^fficiency.” Depreciation means that the time of replace- 
ment is approaching, and consequently the total service 
value of the thing depreciated is less than when new. But 
its efficiency remains unimpaired, and sometimes even in- 
creases as the result of adaptation and adjustment. 

One of the most ardent advocates of the cost-to-repro- 
duce basis is A. C. ITumphrcys.'^ As an illustration he 
takes the ties of a railroad or the poles of a telegraph line. 
Assuming that these have an average life of ten years, and 
that one-tenth of the total number should be replaced each 
year, Mr. Humphreys says that it is maintained by some 
that the average age of the ties or poles taken together is 
five years, and that therefore 50% depreciation should be 
deducted from cost of reproduction to determine the proper 
basis for rates. Mr, Humphreys says that while such a 
statement may be correct as a question of averages, it is 
entirely without w’arrant as a basis for the deduction of 
50% from the investment. Such a procedure, he says, is 
confiscation, depriving the investor of a return on one-half 
of his investment. Rather, the only thing which the cus- 
tomer is concerned with is the efficiency of the service 
afforded, and if this is kept at 100% there can be no reason 
for reducing rates. 

Mr. Humphreys further suggests that if a deduction 

* Depreriatinn • Fsfimatrd nnd Actual; Proceedings of the American Gas 
Institute, Vol. 8, Part 2, page 521. 
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must lie made from original cost to cover depreciation siicli 
as cannot be avoided by adc(jiialc renewals, then an amount 
equivalent to such deduction ought to be added to the ap- 
praisal as an item of cost, just as interest during construc- 
tion and other items of intangible character are included. 

The reproduction-cost-new’ theory has been upheld by 
the following additional authorities : Wisconsin Railroad 
Commission in rc City of Whitewater Whitewater Elec. 
Lt. Co., Dec. IC, 11)10; rc Columbus Ry. & Lt. Co. v. City 
of Columbus, Ohio, 1000; Massachusetts Joint Hoard in 
Massachusetts Appraisal of the New' York, New Haven 
and Hartford Railroad, 1011; also by C. E. Grunsky in 
Appraisal of Public Service Properties as a Basis for the 
Regulation of Rates William J. Wilgus in Physical Valua- 
tion of Railroads;" and Henry Floy in Valuation of Public 
Utility Properties (10P2). 

Cost-of-Reproduction-Less-Depreciation Basis 

The reproduction-cost-less-depreciation theory has been 
upheld by the following authorities: Oklahoma Supreme 
Court in re Pioneer Telephone & Telegraph Co. v. Westen- 
haver, Jan. 10, 1911; New York Public Service Commis- 
sion, First District, in re Metropolitan Street Raihvay Re- 
organization, Feb. 27, 1912; and by the Supreme Court of 
the United States;^ also by Robert H. Whitten in Valua- 
tion of Public Service Corporations, i)age 359, New York, 
1912; and, most recently, by the Special Committee of the 
American Society of Civil Engineer in their tentative re- 
port on Valuation for the Purpose of Rate-Making.** 

“Transactions of the American Society of Civil Engineers, Vol. LXXV, page 

770. 

“ Thid., Vol. LXXIT, page 203. 

•Knoxville v. Water Co., 212 U. S. 1; 53 L. Ed 371 (Jan. 4, IW). 

“See Engineering News. Jan 29, page 226, and Kd) 12 , ji.hm 350, 1914; 
alio Report of the .Special Committee to Koiinulaie Prin iples .iml Methods for 
the Valuation of Railroad Property and Other Public Utilities, Dec. 1, 1913, 
page 49. 
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With reference to the statements made by the advocates 
of the reprodiiclion-cost-new theory, the above-mentioned 
committee ol)scrves tliat these writers invarialdy ignore the 
fact that a depreciation allowance is a return of a part of 
the investment, and that when the investment is thus re- 
turned it docs not constitute confiscation to make depre- 
ciated value the basis for rates. Nor, says this committee, 
do the rates necessarily decrease when depreciated value 
is made the basis. Although it is true that in case of a 
given property the amount applicable to dividends grows 
less as the jiropcrty grows older, this is altogether proper: 
for a continually increasing amount of the investment has 
lieen returned to the investors, and has been used in making 
reiilaccmcnts and additions, or perhaps is temporarily 
placed in a depreciation fund, with the result that the entire 
original investment remains intact at all times. 

1'he case for the cost-of-rcproduction-lcss-depreciation 
theory is stated clearly by Mr. Whitten. He says that this 
early depreciation of possibly 15^/ , which we have called 
composite depreciation, is properly charged to earnings as 
it accrues. However, instead of being placed in reserve 
when it can never be used for the object for whicli it was 
intended, it should be used to reduce the capital to tlie 
permanent requirements of the business. While this is not 
done in practice, what amounts to very much the same 
tiling is done: i.c., the funds arc used in making additions 
and betterments. Again, Mr. Whitten suggests, that since 
the service of a public utility is a continuous one, and can 
be rendered only by a plant the parts of which inevitably 
depreciate, the investment cost must be assumed to be con- 
tinuous : and while at first thought it may seem that a uni- 
form investment cost can be secured only by assuming a 
uniform capital value, this would be true only so far as 
interest and profits are concerned, but would not give a 



VALUATIONS 


105 


uniform total investment cost. Investment cost consists 
not only of simple interest and i)rofits on the investment, 
but also includes cost of necessary repairs, renewals, and 
replacements. Since this latter cost is greater in an old 
than in a new system, the investment cost must be e(iualizcd 
by making the charge for the interest and profits corre- 
spondingly less, which can be done only by decreasing the 
investment, using for that purpose the savings made dur- 
ing the early years when renewals are few. 

Rates will not he reduced because of the depreciated 
value of the old plant, for with the increased expenditures 
for repairs, renewals, and replacements rates would other- 
wise have to be increased. This can be avoided only by 
reducing the cai)ital, and conse(iucnlly the cliarge for in- 
terest and profits. In this way investment cost and charge 
are made uniform. 

Equitable Basis of Rate-Making 

The division of opinion as to the proper l)asis for rate- 
making is partly due to the apparent conllict of interest 
between the public service corporations and the peo[)le. 
That there is an ccputable ground upon which to base rates 
could hardly he cpiestioned. Integrity of investment must 
be observed, and any system of valuation that leads to con- 
fiscation is unjust. Investors and the people are both sub- 
ject to imposition. The investor should afford suitable 
service and the people should pay therefor a price sufli 
cient not only to return to the investor his capital, or pre- 
vent it from wasting, but also to afi >1*0 him ample reward 
for his w^ork in addition to the normal rate of interest on 
his money. No investor coidd ask for more; certainly the 
people should not be compelled to pay more. If a ])ortion 
of the capital is returned to the stockholders in the form of 
dividends or by returning a portion of the company’s se- 
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ciiritics, it would not Le just to include the amount of such 
amortization for valuation purposes. The su^-gestion of 
Humphreys — that so long as service is eiricicnt it i-i not the 
concern of tlie juihlic what the amount of depreciation may 
amount to, since the proprietors are under ()l)ligations to 
make all necessary renewals and replacements — does ikT 
appear very logical. Who can conii)cl the stockliolders of 
a utilities company to make further payments into the 
treasury after their stock is full i)aid? ITow else have re- 
l)lacements, too long deferred and unprovided for, been 
made than by the issue of bonds to secure the funds that 
should have been provided out of revenue, thus ])lacing cor- 
l)orations under the permanent disability of large fixed in- 
terest charges? 

Rates Not Made Lower When Investment is Reduced 

Those who iiphokl the cost-new’ theory do so from the 
belief that if the cost-new-less-depreciation jilan is adopted, 
the rates will be made lower. lUit such would be the case 
only for the corporation as a whole, not for the security 
holders, since a iiortion of cajiital has Ijcen amortized and 
therefore permanently withdrawal from the business. If, 
on the other hand, the amount representing this unavoid- 
able depreciation is retained by being reinvested in the form 
of additions and l)ctterments, the capital would remain the 
same. It would not represent an additional investment but 
merely a transfer of a portion of the capital from one form 
to another. Additional investments should come from the 
investors, not from the revenues of the company, and 
should be made out of net profits rather than from gross 
income before net profits are determined. 

Valuations for Purposes Other Than Rate-Making 

Valuations for rate-making at present occupy the pub- 



VALUATIONS 


to; 

lie attention more than valiiaiions f(^r other ])::rposc;^. 
Xevcrthcless other valuations are of great iinporlaiiee. Xo 
doubt the present valuation o\ railroads being undertaken 
by the Interstate Commerce Commission will 1-e fomul 
useful for a numl3er of different purposes, including rate- 
making, capitalization, and taxation. 

In the Metroi3(ditan reorganization case the valuation 
was for capitalization purposes. Here obsolescence or 
supersession as one ])hase of tlepreciation was considered, 
and the folly of retaining obsolete or ol)solcsceut property 
at original cost figures was shown. W ithin a period of 
Iw'cnty years many miles of track, once constituting the 
most valualde lines, had fallen into disuse, (hie constituent 
company with outstanding bonds amounting to one million 
dollars par value could neither sell nor le.ase its track, nor 
get money to carry on operatii^ns. Obsolescence was well 
illustrated by the inefliciency of the hor^-e car lines. '\ hese 
lines constructed eighteen years before valuation were said 
to have seventeen years of service remaining, although the 
system w’as in fact obsolete and impiaicticab According to 
testimony, a certain sum set aside or exjiended annually 
would furnish renewals indelmitely and keej) up the old 
horse car system. But merely making provision for the up- 
keep of an old horse car road was in this instance not con- 
sidered good business policy. 

Failure to make provision for future replacement of 
existing efpiipmcnt by more up-to-date eiiuipment necessi- 
tated the issue of new securities for the purchase of electric 
er|uipment, and this resulted in ova capitalization. Values 
once amounting to many millions ‘-l dollars had ceased to 
exist. The company held that these values should not l^e 
wTitten off hecausc allowance had hecn made h^r develop- 
mental expenditures in certain rate ca'^cs, altliough no 
visible evidence thereof remained. But this was not a rate 
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case. The question was, to what extent should securities be 
amortized; and the Commission rightly contended that 
securities held for property now non-existent should be 
amortized." Nor is it probable that such non-existent 
values would have been granted a place as developmental 
expenditures in a rate case. 

Inadequate Allowance for Depreciation 

Various valuations made by commissioners indicate 
what inadequate steps arc taken to forestall depreciation 
and obsolescence. In the Queens ]k)roug]i Gas and Fdeclric 
case,^" the New ^’ork Commission for the b'irst District 
found this situation: reproduction cost, $1, COS, 402; present 
value, $1,100,812: depreciation, $108,080. Depreciation 
due to wear and tear, or physical depreciation only, is indi- 
cated, no allowance being made for future abandonments or 
supersessions consequent upon discoveries, inventions, im- 
proved processes, or functional depreciation. The wide 
margin between rcj)roduction cost and present value re- 
sulted largely from failure to establish adequate deprecia- 
tion reserves. 

Depreciation Found on Basis of Averages 

b'quipment, structures, material, etc., inevitably depre- 
ciate, and various methods have been employed to indicate 
the extent to which at a specified time depreciation has 
occurred. Tn Michigan and Wisconsin, where valuations 
were made by tax commissioners, estimates were made of 
the present value of each unit. Tn Michigan more than 
40,000 freight cars were thus inspected. A more econom- 
ical and more accurate method was employed by the Rail- 
road Commission of Washington. Mortality tables of 


•P. S. C. P. (First 'District, New '\’or1{), Tnse No. 1305, page 159. 

P. S. C. K. (First District, New York), Order and Opinion of June 23, 1911- 
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structures, workinj;- upon the same principles as life mor- 
tality tables, were used, lixperieiice shows that similar 
structures, units of e(jui[)ment, etc., ha\e a delinite averai^c 
lifetime. J bus the averai;c Hie of lreii;ht ears is aj^i)ro\i- 
mately twenty-five years, the cars lo'^iiii;- on an a\era'^e of 
about V/v of their value each year, liy mulliplyin^ the ai^e 
in years by 1, the percentage (»f value which has e\|)ired is 
ascertained. Tliis is then subtracted fn.m KM), the re- 
mainder sliowiipL^' what percentage the present value is 
of (jri^inal cost, do make possible the eni])lo\ meiit of 
tliis method, dale of construction and cost ]iew must be 
known. 

Appreciation 

Appreciation occurs in certain classes of assets, and 
should be j^iven due w^eit^ht in xahialions. 'I'lie roadbed of 
a railway ai)[)reciates duriuj^- the first few \ears, when it is 
necessary to make repairs mi account of iiUMinalities and 
defects resulting' from sinking, sliding, etc., and these re- 
pairs arc charged to operati(»n, althougli they are really 
capital expenditures. Additions of earth and stone are re- 
([uired, and the roadbed slowly grows firmer and safer as 
the old material becomes more coinjiact. Allowance may 
be made for this by entering- the v.diie due to adaptation and 
.solidification under a .separate head rei)resenting atJprecia- 
lion after operating' begins. 

The i\1innesota Commis.sion allowed over JO'/f of 
original cost for this item U])on Imc^ <if the Northern 
Pacific aggregating over 1,500 mik , while upon lines of 
the Minneapolis Western Kailway, with a mileage of 0 SO 
miles, it allowed but slightly ovei I /A The difference in 
the two cases w^as due to the belter seasoning of the road- 
bed of the Northern Pacific. The Wa-'kington Commis- 
sion says that appreciation continues about five years, when 



no 


PRINCIPLES OF DEPRECIATION 


the value of the roadbed is approximately 10% greater 
than when new.“ 

If we may believe the statement of the New York Com- 
mission for the Mrst District, appreciation is a simpler 
matter, and more easily handled, than depreciation. It says 
that if t)ropcrty grows in value, the investor has no cause 
for worry ; and if the State recognizes his right to a fair 
return upon the increased values, he is ade(|uately protected, 
it is unnecessary, says the Commission, that the increase he 
represented by securities, and further tliat if earning power 
is i)resent, the holder of securities receives an adequate re- 
turn regardless of the amount of these securities. But can 
the matter of securities be so lightly bruslied aside? It may 
be true that, as was stated by the Railroad Securities Com- 
mission, the amount of the stocks and bonds is a matter of 
historical importance only, and par value is not a measure 
of actual value. But does this mean that tlie amount and 
])ar value of the securities are matters of no consequence? 
From the accountant’s standpoint, the amount and ])ar value 
of the securities present several considerations of the utmost 
importance. 

In Smyth v. Ames,^- the Supreme Court of the United 
States held that, to ascertain the fair value of a property, 
among other things to be considered arc tlic amount and 
market value of its stocks and bonds. Certainly market 
value of stock does afford a basis for judging value, even 
though par value docs not. 

Recent valuations have done much for our enlighten- 
ment on depreciation in its various phases. Consideration 
of its principles in the work of valuation has indirectly 
shown the need of more scientific accounting, such as the 

” Findinp of Fact by the "Railroad Commission of Washington Relative to the 
Valuation of Railroads, page 164. 

”169 U. S. 466. 
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estal)lishmcnt of adequate reserves for replacements; and the 
rcsidt of neg^Iect and carelessness in this matter has been 
shown. Much remains to he done in the way of removing 
doubtful matters from their present tentative situation. 



CHAPTER IX 
LAND IN VALUATIONS 
Land Not a Wasting Asset 

Land, possessing some unique qualities, may l^c con- 
sidered separately. It is not a wasting asset. Land 
normally appreciates, not through alterations in physical 
textures or arrangement, but because of scarcity, location, 
or the impossibility of duplication. 

The wide variations in the results arrived at by ex- 
perts in the valuation of land indicate the difficulty of the 
problem. The question of the unearned increment be- 
comes of vital importance in public utility valuations, for 
upon the determination of the rightful owner of this 
increment must to a large exten't depend the amount of 
the charges that may be asked. Under our present order 
of society this unearned increment belongs, rightly or not, 
to the fortunate possessor of land and may be regarded as 
a reward offsetting misfortunes in other directions. Never- 
theless, there is a noticeable tendency to limit the amount 
of the rates that may be based on the unearned increment 
ill the case of public utilities. Such limitation will presum- 
ably find its compensation in franchise privileges, monop- 
oly, and right of eminent domain. 

Land Values That May be Included 

Whether or not land and appreciating land values 
ought to be considered in valuations depends on the pur- 
pose of the valuation. Where a public utility corporation 
possessed several tracts of land, it was held that only those 
actually and necessarily devoted to public use could be 
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included for ratc-niakiuj; purposes. 'Phis despite the fact 
that risiiii; land values may make it wise fi)r the utility 
corporation to purchase lands that may not be “u^ed and 
useful” in its service to the public for some time to come. 
The situation may justify such a purchase, but not the in- 
clusion of the value thereof for rate-makini^, although it 
ought to be included in values for taxation. 

Attitude of Courts 

We have the authority of the Supreme Court of Min- 
nesota in Stccnerson 7'. (Ireat Northern Ky. Co.,‘ that a 
railroad is entitled to earn a fair return on the cost of re- 
liroduction of its property; also the authority of the 
Supreme Court of the United States in W’illcox 7’. C'onsoli- 
dated Gas Company, that, if property legally entering into 
the consideration of the rate <|uestion has increased in \alue 
since acquisition, the company is entitled to the benefit of 
the increase; adding, however, that this is the general rule, 
and that there may be exceptions where the property may 
have increased so greatly in value that a rate affording a 
reasonable return upon such increased value may be unjust 
to the public. (212 U. S. Ih.) 

Attitude of Interstate Commerce Commission 

Thus there appears to be a limit to the growth of values 
upon which a public service coiqioration is entitled lo what 
is called a fair return. There is a common tendency on 
the part of courts and commission - 1') place a liiiiilation 
upon increasing values for ratc-mal iiig pur])o^es. 1 he In- 
terstate Commerce Commission faced this (jiiestiou in its 
investigation of advances in rates by carriers in western 
trunk line territory." Railway oflicials declared that they 

169 Minn. .l‘;3 (1897). The s.ime .ittiltulc is takm in 'h'’ m<jre i-cciit case of 
Shepard v Nortlu-rn Pacific Ky. ( o , 184 I'ld 765 (IVll). 

•Opinion No. 1509, decided Feb. 1911. 
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possessed a “legal right’’ to a fair return, not on the original 
investment, but on the estimated present value, resulting 
largely from increase in land values and amounting to 
many millions of dollars. Admitting the great services of 
the railroad to the State, the Commission asked whether 
larger income should not be derived from increased traffic 
rather than from heavier tolls on those already served. 
Public service corporations do business with the expectation 
of deriving an income from services rendered to the public, 
not from investments in land whose value happens to be 
increasing. Whatever may be the true economic or legal 
view on the right of a carrier to earn a reasonable return 
on the increased value of its land, says the Commi.ssion in 
substance, such an increase docs not of itself afford the basis 
for an increase in rates upon a given service. This may be 
interpreted as leaving the question unsettled, since average 
rates may be made to furnish a fair return on increased 
values even though certain specific rates do not. 

Attitude of Minnesota Commission 

It is the belief of the Minnesota Railroad and Ware- 
house Commission that if railroads arc permitted to realize 
on continually increasing land values by employing them as 
a basis for computing returns, they will ultimately absorb 
a disproportionate share of the country’s wealth.® 

Unusual Interpretation of Cost-of-Reproduction 

The cost-of-reproduction method of valuing land has on 
certain occasions been given an unusual interpretation. 
Railroad officials have argued that land owned by their 
companies ought not to be valued at present market value, 
because the railroads, were they actually to buy the lands, 
would pay more than market value. So this additional cost 


* Supplement to Annual Report, Nov. 30, 1908, pages iv-v. 
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is added to market value to delennine cost to replace. That 
railroads do pay exorbitant ])rices for land is well known. 
This is because of injury resullint^- to conlii^uous proi)erty, 
and Ixjcause land owners sometinies look with disfavor upon 
the projected road and take the opportunity to fleece the 
company. 

If land is valued on this basis, a certain multiple of 
market value must be taken to arrive at rcpnKluction cost. 
In Minnesota, invesli^alion of a sccti(^n of the Illinois Cen- 
tral indicated that of of the ri.e:ht of way secured by 
condemnation the company paid about limes averaj^e 
true value, while of the Oo/o purchase by aijreemcnt the 
price was 1.7 limes a\erai:^e true value. Terminal lands in 
St. Louis cost in Minneapolis 1)^, and in Duluth 1 j4 
times normal value. 

But when allowance has been made for actual excessive 
cost of land to railroads, it does not necessarily follow that 
they may write up these lands by the same multiple above 
present market values. Value as utility may be a more im- 
portant consideration than repro(lucli(m cost in some cases, 
and, for rate-makingf purposes at lea^l, extremely hi^^h 
\aluations of proj)erly cannot be accepted merely because 
it could not be repro<luced, or, if it could, only at wry hi.qh 
prices. To establish ori.e:inal co^t the railroad multiple 
should be used; also to establish cost of repr(jducti(;n, and 
appreciation. But full cost of reproduction may not be 
allowed as a basis for rates. 

Sales Method 

The so-called “sales method" of determining^ present 
value has its uses and limitations, it is b.i''ed on the 
assumption that as the as-C'^sed \aluat'on of ^iii rnundiniLj’ 
properties is to real value, s(j the ^.ilne (jf the 

property in question is tn its real value. "1 hus, if land in 
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a city is assessed at (>0% of selliii^ price, and a railroad 
buys 10 acres of land within the city limits for $12,000, 
the same land being assessed at $0,000, then the normal 
selling value would approximate $0,000 :-. 00 , or $10,000. 
So the railroad ])aid $2,000 above normal. 1'lie elVicacy 
of this method is dc])endent on two conditions : ( I ) a sufli- 
cient number and variety of transfer‘s to afb^rd an accurate 
statement of average values, and ( 2 ) the Cipiity of the 
assessed valuations. Jhit ineciuality of asscs‘smeni is 
notorious, and it seems that tlie method can be employed 
only within rather narrow limits and then may well be 
checked up with any other available information concerning 
the property in (luestion. 

Allowances to be Made 

The special committee on valuation of the American 
Society of Civil Engineers believes that the present value 
of the land ought to be based upon actual C(jst plus subse- 
quent appreciation. This appreciation is to correspond to 
that of surrounding ]u*operty; and if the valuation cannot 
be made in this way, the land is best valued on the l)asis of 
current prices of neighboring land of similar character, 
increased by the ratio ordinarily existing in that section 
between land bought by public service corporations, and that 
purchased by private parties. Imrthermore, the land is to 
be subject to the value of improvements existing upon it 
when it was jnirchased, such improvements to be valued at 
current prices. 

Appreciation Considered as Income 

The appreciation of land \ allies is apt to be considered 
in the same light as is depreciation of other kinds of assets. 
The United States Circuit Court in Consolidated Gas Co. v. 


* Report of the Special Committee, page 52. 
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City of New York"’ in considering* this matter says that 
ai)[)reciation and dei)rcciati«Mi should he considered alike, 
and in expandin^^ upon this principle the New Y(^rk Piihlic 
vServicc Commission, First District,'’ says that the t)nly 
difference is that while depreciation is a loss to he dehited, 
ajipreciation is a profit to he credited, since it represents an 
increase in assets. The Commissiiin thinks that if land is 
taken at its dejireciated value when it has depreciated, it is 
only fair to take it at its ai)i)reciated value under opposite 
conditions, d'o accomplish this it is sui^i^e^ted that an 
entry he made in the estimated receipts e((ual to averai^e 
annual appreciation; otherwise, while the cmisumer is 
hurdenefl witli the depreciation of all other i‘ems, lie will 
not receive any henefit from th(‘ appreciation ol the land. 


Appreciation Limited by the Supreme Court 

Justice TIuglies, in deliv(‘ring the (^pinion of the 
Supreme Court of the Ihiited States, June 1), 11) FI, in th(‘ 
Minnesota Rate Cases,^ apparently upholds the stand taken 
hv the Interstate Commerce ( oniniission in the railroad 
rate cases already considere<l. 1 declaring the cost-of-repro 
duction method inapplicable in the case in hand because of 
the conjectural results that would he sreured, he asks 
whether in tletermining the fair present \alne of a railro.id 
company’s property as a basis for rates it is proper to value 
its right-of-way in excess of tlu* market value ot contigiiou-. 
property siniilarlv situated, i e., whether such an increment 
of value is to be added as will U'k nl\ cover iiureasc in 
value resulting from the activnii a .d jirosperity of the 
community, but will cunstantt\ oui tiip such increcsc in all 
neighboring lands. 


5l57Ff(l Ttep R'iS. ^ i 

Rc U:is aiifl Flrctrlc Ralffl of tho Queens BoroURh Ha*? anrl Elec. Co, 
^ r. S C' R (First District), June 2^ 1911 , „ ci ii . it « 

^Simpson et al. V. Sliepard; .Same v Kennedy; Same v Slnllabcr; 2J0 U. b. 

3S2. 
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The court coiicliules that the increased valuation to l)e 
permitted slionid not exceed average normal increase of 
other land in the community. 

Old vs. New Value 

It has heen siii^c^ested that land acquires a special value 
hy reason of the fact that it is peculiarly adapted to railroad 
or other puhlic utility use. In such cases the (luestion arises 
as to whether the owner of such land should receive com- 
j)ensalion for the land on the basis of its value to him, or on 
the basis of its value in its newer function. On this point 
the United States Supreme C ourt maintains that it is the 
fair market value, the value lost hy the owner, rather than 
the value hy the taker that must he accepted.^ 'hhis 

is no douht the best ])olicy to he jnirsued, since the added 
value is secured only as the result of the operations of the 
utility buyiiif^ it. 

Reproduction Method Employed on Lehigh Valley Railroad 

Althougli the reproduction-cost theory for land has iu»t 
been accepted hy the Sui)re!no Court of the United States, 
it has served as the basis for the valuation of the I.ehij^h 
Valley Railroad recently completed for the company. In 
this case three methods were considered: original cost: 
basic cost with no added cost h'<r damages; and reproduc- 
tion cost. Original cost was rejected as impo.ssihlc lx?cause 
of faulty records. Basic cost, or cost based on average 
normal worth of neighboring tracts, was rejected as being 
ine(iuitable. The reproduction method was adopted and 
resulted in an addition o( 50':f to the basic value of the 
road, which was believed to Iw a fair estimate of the repro- 
duction cost of the road.” 

" MinncMta Rate Cases, 2.10 U. S. 352. 

• JiBgioccriug Rccurd, May 16, 191-}, Vol. 69, page 55^ 
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Land Not “Used and Useful’* 

Many pulilic utility corporations own land wliich, 
althoiit(li it may he necessary for the future expansion of 
the plant, is for the present unnecessary for the service of 
the public. As a general rule the courts refu^^e to include 
the value of such land in the valuation of the utility’s 
assets, on the ground that a fair rate shouKl he earned only 
on the property “used and uselul” to the public. It is evi- 
dent, however, that to h)llow such a rule in letter rather 
than as a broad general princi])le, might lead to results ex- 
actly opposite those sought in so limiting the earnings of 
the company. W'herever such utilities have occasion to 
operate, particularly if they have |)rospects of future ex- 
pansion, land appreciates rapidly in value; and to throttle 
the expansive ])()W’er of the company by making it unproht- 
able to accjuire additional land in anticipation of future 
growth, may tend to make rates higher when the land is 
ultimately purchased from necessity, than if the corpora- 
ti(jn had been granted a greater degree of liberty at an 
earlier period. 

Too great freedom might lead to speculation, so that 
in this matter the attitude of the courts shoultl he one of 
guarded leniency, granting to corp»)rations a return on such 
unused property as will he needed to meet estimated future 
re(iuirements. On the (»thcr haml, any income fnjin such 
lands as are not in the public’s service should serve as an 
offset to the amount of the fair return on such proi)erty 
which the jiuhlic must pay; and any pnTits made by the sale 
of any such lands should he treated likewise. 



Part III — Determining the Depreciation Charge 
CHAPTER X 

METTTODS OF DFPRFfTATTON 

Depreciation as Affected by the Point of View 

1 he chapters which hjllow’ dcscrihe the various plans 
(hat have been and still are advocated as valuable aids in the 
determination of the depreciati(m ebarj^e. Only after hav- 
ing secured an understanding of the principles employctl in 
any method can its real significance be realized, and only 
tlius can we place ourselves in a position to pass a rational 
criticism upon the different methods. I'or this rcasc^n more 
space has been fjiven to (heir consideration than might 
otherwise have been necessary. 1'he whole question of 
method has liecome so confused in the contest between 
contlicting views and opinions that it merits the most careful 
consideration. 

Oftentimes obscurity re.sults from inability to keep 
(lefinitcly in mind the full significance <jf the thing for which 
we are striving. The ([ucstion of depreciation is chiefly 
concerned with two things: 

1. The determination of the cost of maintaining the in- 

vestment, which in turn is dependent upon — 

2. The extent to which the investment has depreciated 

as the result of wear and tear, or other physical 
decay, or of obsolescence or inadequacy. 

The cost of maintaining the investment may in turn be 

• ('hapters XI-XVI. 
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regarded ns one of the elements entering into the cost of the 
output, eitiier service or commodity, along with labor, fuel, 
and so on. 

In valuations the question of depreciation is not essen- 
tially different, the difference being tme rather of viewpoint 
than one which affects the fundamental problem itself. In 
valuations attention is directed rather to the extent of the 
depreciation at a point in time, for the purpose of deter- 
mining value at that time, while from the other standp(unt, 
depreciation ozrr a period is the more important considera- 
tion. Valuations arc made, for instance. t») determine 
whether the owners of the properly arc securing an adc- 
ciuatc return on their property at the time of valuation, 'fliis 
is the viewpoint of the Public .Service Commissit)n, which 
touches upon a corporation’s affairs only at intervals, and 
somewhat as an external, supervisory agent. hVom the 
viewpoint of the C(un|)any (‘fficials, ou the other hand, depre- 
ciation is a constantly accruing expense, to be as constantly 
refunded out of the revenues of the business. 

Cause and Effect 

When the character and extent of an occtirrcncc is de- 
termined by the operation of one or more agencies or forces, 
it is said to be functioned, or dependent, upon such agencies 
or forces. As the temperature falls, a steel rail contracts 
slightly; therefore its length, within certain limits, is func- 
tioned upon the temperature. Similarly, the accumulations 
of a sinking fund are functioncfl uptJi* ( 1 ) the amount of the 
contributions to the fund; {2) tlu rate of interest; (o) the 
time during which the sinking fund accumulates; fl) the 
fre(|ucncy with which interest is conipounderl. TJkewise, 
the extent to which an investment in an industrial plant 
depreciates is functioned upon (1) the wear and tear; (2) 
obsolescence, arising from the p<jssibility of displacement; 
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(3) inadequacy to j)erf(jnn its work, etc. Depreciation is not 
functioned uj)on pas'^af^e of time but is merely conveniently 
measured in terms of time. Thus wc say that in 5 years a 
plant depreciates 20% of its cost price. We use periods of 
time as a convenient way of comparing^ the rapidity of 
depreciation with the rapidity with w'liich other occurrences 
comini^ witliin our experience take place. Without the 
action cT such accents as wear and tear, obsolescence, or in- 
ade(|uacy, the investment would not depreciate at all. 

Great Accuracy Impossible 

The effects of past wear and tear, obsolescence, and in- 
adequacy can be ascertained within reasonably narrow’ 
limits. 'File future effects of w’ear and tear, although they 
cannot be anticipated with entire certainty, may also be 
estimated, from experience, with a reasonable degree of cer- 
tainty. Oftentimes even inadcciuacy may Ix' foreseen, 
though usually wdth a smaller degree of certainty than wear 
and tear, because it is sometimes functioned upon unfore- 
seen changes, sucli as movements of population, changes in 
demand, etc. Obsolescence can be predicted with i)crhaps 
even less certainty. It is notable, however, that although 
individual occurrences of a given character transpire appar- 
ently with entire uncertainty as to time, when large num- 
bers of such occurrences are studied they may be found to 
follow’ a kuv. Thus the length of an individual life is alto- 
gether uncertain. ^T't when considered in large numbers it 
is di.scovercd that the span of the average life is calculable 
with enough accuracy to serve as a basis for the science of 
life insurance. 

Much of the same thing is true of the items that compose 
an industrial plant, although it might not be profitable to 
carrv the analogy too far. Mortality tables of structures 
have been used, and still greater accuracy may be expected 
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as the result of longer experience. It will therefore he pos- 
sible to gauge physical decay with reasonable accuracy, while 
ol.solescence and inadefiuacy may he covered by a reason- 
able allowance in the nature of insurance over and alK)ve 
that for physical depreciation, or by being met when the 
exigency occurs, by wTiting off extraordinary losses, due to 
such causes, over a brief period of years. The necessity of 
this is apparent, fur unless the investment indicated on the 
books is reduced to correspond to actual reductions in values 
through obsolescence or inade(|uacy, it will be impossible to 
meet the competition of more ellicienl plants and continue 
paying a normal rate of dividends. 

The Straight Line Method 

The simplicity <')f thi^ method of determining de])reeia- 
tion (Chapter XI) stamps it with the apitearanee of prai*- 
ticability. It is free from interest complications, and its 
employment does not reejuire a knowledge of the logarithmic 
or any other method of tinding roots and powers of num- 
bers, Speaking generally, there appears to be no reason why 
the straight line method does not appnjximate actual depre- 
ciation as nearly as any of the complicated curves at times 
advocated, apparently on the assumj)lion that actual depre- 
ciation finds a counterj)art in the accuracy of tlieir mathe- 
matical computations. 

It is not meant, how'ever, to recommend unconditionally 
the straight line method. 'Fhe (piestion one of e.xpedieiicy 
rather than accuracy; of cxpedieiic\ baNcd oti the i;rinci])le 
that the interest of stockholders, ! < -lUiholdcrs, and the j)ub- 
lic must be diligently j)r(jtected. lo d(^ lliis tlic procedure 
adopted should guarantee the return to the business through 
the rates charged, of an amount upproxunatcly ef|ual to the 
expiration of plant values incident to the production of the 
commodity or service .sold. It is axiomatic that deprecia- 
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tion is one f»f the costs of production, and lienee a corre- 
sponding- amount should he charged to gross income, and 
thus he retained t(j offset the exhaustion of capital. 

The Reducing Balance Method 

This method (Chapter XTT) possesses the advantage of 
freedom from interest calculations, hut, like any other 
method based on a fixed jirocednre, does not take into ac- 
count either the actual rapidity with which depreciation 
occurs, or the various modifying factors which may show 
their influence at any time. Since tliis olijection is common 
to all methods, other considerations will probably lead to a 
choice, r.niergencies, such as rapid obsolescence, can in no 
case be foreseen; and the best that can be done is to alter 
the basis upon which future depreciation allow'ances are 
com()uted, changing the figures indicating value and remain 
ing lifetime to conform to the altered conditions. 

A glance at the table and 1‘orm fi in Chapter XTT slious 
what a preponderance the reductions for the first few- years, 
for a property having a lifetime of 25 years, bear to thoH‘ 
of later years. Such a rate of .reduction must usually be 
out of all proportion to the actual rate of depreciation of the 
units of which «an industrial plant is composed. From one 
point of view this is the method of extreme conservatism, 
since it writes down plant values far more rapidly than any 
other, and removes almost any possibility of a failure to set 
up adequate reserves. Usually the net result will be the 
formation of a secret reserve through the undervaluation of 
assets. Fven if w^e assume the desirability of such a pro- 
cedure, it may l)e questioned whether a new plant could bear 
the burden of the resulting heavy charges to revenue. 

In an old plant the effects of the application of this 
method to many units of projierty of various values, life- 
times, and conditions, will tend to give a result of greater 
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uniformity in [)rop()rti()n to the extent ami variety of the 
l)lant; tending, however, to create a secret reserve measured 
by the excess of the actual value over the book value of the 
assets. It might be used to advanlai^e in certain instances 
where ol)Solcsccnce or inadciiiiacy rapidly encroaches upon 
the property, althoiiLih the accuracy with which actual depre- 
ciation would be covered would be at best approximate, and 
not gauged by the extreme accuracy with which the percen- 
taj;e on the reducing balance is calculated from the formula. 

Interest 

Tlie interest c|uestion in depreciation has a twofold 
aspect. On the one hand, it has been asserted that the actual 
co'^t of an investment is not merely tlie bare orit^inal invest- 
ment itself, but an additional amount represented by interest 
on the investment, since the mtmey thus invested might have 
been loaned out on security at a fair rate of interest. This 
theory has given rise to the so-called “Annuity Method” 
describecl in Chapter Xl\'. 

On the other hand, iiilereM has been bn)ught into the 
discussion of depreciation in connection with the establish- 
ment of sinking funds for the replacement of dei)rcciated 
industrial plant. The “Sinking bund” i)lan ( Chapter X 1 1 1 ) , 
and those which are based upon the sinking fund j)rinciplc, 
^iz., the “Equal Annual Payment” (C hapter XV) and the 
“Cnit Cost” (Chapter XVl) plans, require interest calcula- 
tions of this character. 

The Sinking Fund Method 

The persistence with which the linking fund method has 
been advocated makes a careful consideration of it necessary. 
It is fully described and illustrated in Chai)tcr XI II. The 
sinking fund formula provides a mathematically accurate 
method of accumulating a certain sum of money in a given 
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time by means of equal periodic contributions permitted to 
accumulate at cofupound interest. Since such a fund grows 
not merely by the cijual annual or other periodic additions 
made to it, hut also by the interest accumulations of these 
additions, it follows that as the time during which the sink- 
ing fund accumulates is longer or shorter, so the portion of 
the entire fund formed exclusively by interest accretions will 
be larger or smaller. Thus, a fund of $100 accumulated in 
L'a years, interest at r>yo by ccjual annual contributions, is 
ctJinposed of $47.02 interest accumulations and $52.38 direct 
contributions to the fund, b'or a shorter period the total 
interest accumulation would i)e less, and for a longer period 
greater, than that given above. 

From this, one might conclude that the cost of creating a 
fund grows smaller with the increase in the number of 
years, .since the total contributions necessary to secure a 
fund of $100 in 25 years on a 5'b basis is only $52.38, while 
b)r longer pericnls it i^ yet smaller. The fallacy of this 
.supposition is evident, however, if we remember that the 
equal i)eriodic contributions to the fund arc altogether with- 
drawn from the business, wdiere they would have been em- 
idoyed at a profit, and that the longer such sums arc held 
ini[)oundcd in the fund, the longer the business is deprived 
(jf their use. Indeed, the business is not a very nourishing 
one if it cannot earn more by retaining these amounts in the 
business than can be secured in the form of interest accre- 
tions to them in a sinking fund. 

The interest accumulations of a given year must be 
atlded to the annual contribution to the fund, to discover the 
actual burden for that year. Since the interest accumula- 
tions progressively increase, as may be seen by a glance at 
the table in C'hapter XI 11, the actual burden of the fund abo 
increases yearly. In the foregoing illustration, it is more 
than three times greater in the last than in the first year. 
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There is no rcrooii to ^it])jiose that depreciation increases 
at such a progrcs''i\e rate. ]\love(^\er, the money should in 
most cases be reinvcste<l in the biisinc'^s where it can he most 
profitably employed, d'he ciuisidcrations wliicli will make 
this plan the advisable one to bdlow’ must be such as arc not 
usually confronted in practice. The ‘'eemint,dy i;reat accu- 
racy w’ith which the calculations can be made, ou^^ht not to 
blind us to the essential phases of the i)Ian. 

Interest on Investment — Annuity Method 

At first thoucjht there appears to be some rca'-'On for 
including' an allowance for intere''t on the depr(‘ciated in- 
vestment, since the money thus inve''ted would ordinarih' 
produce an income when loaned on '-.eenrity, and without the 
risks incident to the iinestment. In reality, bowe\er, the 
net profits of business are u^u.dIy compo^ed (if two parts not 
readily distinguislied : ( 1) iiitere'-t on the investment at ^ay 
2 or about the rate paid on gilt-ed.L^e government 

bonds; and (2) over and abo\e this, a reward fm- the extra 
hazards and risks of the bus inch's. 

Brietly, a portion of the net profits rejiresents interest on 
investment, and it would be a diii)lication of the inieiest 
char.ge to include it in the dei^reciation allowance. An 
inspection oi the table in ('li.iplLT XIV will show that the 
total amount charged in the ca-e of a $100 jiroperty with .1 
lifetime of years is $I77..‘’>S, being made up fU' -jr* 
equal annual charges of $7.0!):)2. 'Ihis is nearly twice the 
amount of the original in\estnH!’*, and the cfjntiiuied 
reservation of amounts on tbi*, ba-i . would return not only 
the capital invested but a large adflit.onal amount, its magni 
tilde depending on the intere■^t rate an<l tiie lifetime of the 
property. This is cfjuivalent to an actual reservatii^n of 
profits, which, as is shown in Chapter IV. not tlic purpose 
of the depreciation allowance. 
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There is yet another objection to tliis method. As the 
reader will see by an inspection of the table in Chapter XIV, 
and of h'nrm S, the ecpial annual charges are composed of 
both interest and depreciation charges, the depreciation 
charge increasing with, and being dependent upon, the de- 
creasing interest charge. The depreciation charge is thus 
made the function of an assumed rate of interest, with the 
result that, in the case of the $100 property with a lifetime 
of iJa years, the charge for depreciation in the 25th year is 
$t).7f» as contrasted with $2.10 in the first year. There 
would appear to be no reason whatever for such a proce- 
dure, for the property would, in theory, not only be required 
to pay a return on the remaining investment as at the begin- 
ning of the 25th year, amounting to $0.70, but in addition 
earn a suflicient amount during the year to amortize its 
entire value. 

When one invests money in an industrial plant he e.\- 
pects a return equal to the ordinary rate of interest plus a 
reward for entrepreneur’s profit, risk, etc. If money can be 
loaned on good security for , by investing it in business 
one expects a return to cover not only interest which he 
might have received, but also an additional percentage for 
his extra labor and risk. 

Should interest on investment be included in the depre- 
ciation charge, the balance of the revenue account will be 
correspondingly reduced, representing the gain over and 
above interest, or what may be termed extra-interest re- 
turns. If the money invested has been borrowed, and the 
same rate is allowed in the depreciation charge for interest 
as is paid on the money borrowed, then, providing the loan 
could be paid off as fast as the investment is reduced, the 
total charge for depreciation and interest on investment 
would be just sullkient to pay the loan and the interest 
thereon. Interest on borrowed money is a legitimate ex- 
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pcnse, but it should be considered under the head of interest, 
not of depreciation. 

In a public utility whose rates are controlled by a com- 
mission, these rates are fixed to afford a suitable income; 
and since tlie investor cannot both loan liis money on secur- 
ity and at the same time iinest it in stocks, the most he can 
ask is a return equivalent to the ordinary interest rate, plus 
reward for hazard, etc. Therefore, if a deduction from 
income is made for interest on investment, rates cannot he 
raised to provide it attain in the profits. If an allowance for 
interest on investment is made in the depreciation charjje, it 
amounts to tlie retention of a portion of the profits in the 
business without recoi^ni/ini^ them as such. 

The Equal Annual Payment Method 

Although an actual sinking fund is not created, this 
method employs the princi[)les of tlie sinking fund to deter- 
mine the depreciation charge, by making it what the charge 
for a sinking fund would amount to for the period in ques- 
tion, plus a sum representing interest on the remaining 
investment. This may be seen by examining the table in 
Chapter XV and comparing its contents with those of the 
table in Chapter XIIT. The result is that if the rate of in- 
terest on the imaginary sinking fund is the same as that on 
the investment, an erjiial annual charge is secured exactly 
the .same as that obtained by the annuity method, as indi- 
cated in column 0 of the ccjual annual ])aymcnt table, Chapter 
XV, and column 5 of the annuity table, Chapter XIV. 
Moreover, since the sinking p nil is entirely imaginary, 
there appears to be no obj»*ction to a-^^uniing the same rate 
of interest in both cases. WTien the interest rate on invest- 
ment and in the imaginary sinking fund are the same, the 
net result of this plan in the illuslraiion given is an excc.s- 
sive charge of $77.38, representing interest on investment. 
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If the interest on investment is placed at 7% instead of 
it amounts to for an investment of $100, with a life- 

time of 25 years — more than double the proper charge. 

Instead of bringing the depreciation charge into as close 
correspondence as possible with the actual reduction of plant 
values, it is made a function of the grow tb of a sinking fund, 
and an imaginary one at that, based on an assumed rate of 
interest; and in order to make the charges equal they arc in- 
creased by an imaginary return on the remaining invest- 
ment, with the result that the equal annual charges arc out 
of all proportion to the actual expiration of plant value. By 
carrying the items to the third or fourtli decimal point, an 
appearance of great accuracy is oI)taincd, which in reality 
bears little or no relation to the conditions to wdiich it is 
intended to conform. 

Undoubtedly it w'ould be better to w'ritc dowm plant 
value by the sinking fund method than to make no provision 
whatever for depreciation. But we must remember that any 
depreciation charge based on purely assumed grounds may 
be considerably at variance from the actual conditions. 

The Unit Cost Method 

Imr valuations, especially where there exists obsolescence 
or inadequacy, this plan, as advocated, contains much that is 
suggestive, although vitiated by the introduction of the sink- 
ing fund principle. It is based on the fallacy that the sum 
of the annuities necessary to amortize plant value constitutes 
the total cost of amortization, and, in so doing, underesti- 
mates such cost by the amount of the interest accretions to 
the sinking fund. Since the interest accumulations form a 
smaller proportional part of short-time funds than of long- 
time funds, the net result of the unit cost formula is to 
underrate the value of the old plant, for in equation (3), 
Chapter XVI, 
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in wliicli I' rcprc^ciils tlio nnmilh lo .i fiiiul nccc'^- 

sary lu amortize /', the eosi of (he new pi. ml, in .V year^^, 
while f rej)resenl> tlie .imuiity tn .i Miilsini; fniul iieee^^ary 
to amortize r', the (lei)reei.ite(l \.ilne nf (he old pi. ml. dnrin.L; 
its remainini;' life of ;/ Ne-irs. 1 he left h.iiid leim of the 
e^jiiatifai is as.Mimed to re|)re'ent the a\i-r:i.ee unit e»»si of the 
jirodiiet, or .ser\ ire, of llu- new pl.mt . while the i i.i^ht sicle 
of the ecpiatioii i^ assumed ti) U'pre‘'enl the a\er.'iL;e unit 
cost of the product. (H* ser\ ice, of the old depreciated pl.mt. 
'riiis is true in neither case, howe\er, hecansi* /■' .and /, the 
respccti\e .sinkini; fund annnilies, rei)reM'nl les‘, than the 
actual hnrdeii of the sinkim; fiiml, .as h.is keen ''houn; I nt 
since the lifetime of the old pl.mt is nsn.ally le • ' tli.an th.at of 
the new one, the tendencN is to nnder''t;tii- llu* re.d cost of 
the hurden of the new plant more ih.m lh.it ol the old one, 
because the .annuity coiistitules .i ^mailer p.art ol the huiden 
of a sinkiiiiLr fund over loiu; periods th.m o\ir short periods. 

Thus, anannuilv of.s.* w ill .iccumul.ate, .at .an interest 
rale of , lo $1<M» in j.t vi-.ai's: hui o:).')j / :>S, 

only a little more th.an one-h.ill ol the entire .Kaaimnlatiou. 
On the other hand .an .annniiv ot .'j^l^ nuT will in ye.ars, at 
h/e, accumukate to .Sion, while the sum of the .annn.al < on- 
tribiitions will con.stilute f.ir inoia- than ot the total, 

or $lS.()h7 X a, which .amounts to .'fUO 

Juch }ear’.s aniiuil) to the -J'* ,e.ar -inkni- hind repre- 
sents hut little more th.in one h. '. .» the .a\c lM.^e hniden rT 
the fund; while each }e.ar'- .aniiniiv to the .'i-ve.ar innd rep- 
resents over {){)'/< of the .avr.i-e .annn.al hindeii of the 
annuity. Ihe cousecjuence is that, althonj.;h co*.! of j)r(;duc- 
tion is understated in both c-a^es, it i-. understated to ,a 
greater degree in the case of a new pl.ant th.m m that of a 
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depreciated one. 1'he net re.sult, in the use of the formula 
given, is to understate the value of the old plant. 

Actual Depreciation 

In the illustrations of the different methods of deprecia- 
tion in the following chapters, hypothetical cases have been 
assumed, in which plant value undergoes a gradual reduc- 
tion fnjiii l00/(; to salvage value, or zero. However, in 
reality, an industrial plant, as a whole, does not depreciate 
in this way. Tn an extensive plant, value remains fairly 
lixed, beyond a certain unavoidable diminution during the 
first decade or so of its existence, resulting from the aging 
of the plant as a whole. This general aging is termed 
composite depreciation, and it amounts to possibly 15 or 
of total value, neglecting improvements. After a cer- 
tain point has been reached, however, depreciation and re- 
placement become fairly complementary. Only in case of llic 
replacement of an extraordinarily costly asset would its 
cost create an excessive burden on the revenues. In a less 
extensive plant, or one composed of a few very exiiensive 
properties, replacement burden, unless properly provided for, 
might at times be excessive, and even disastrously so, and a 
method of caring for such costs should be contrived which is 
sufficiently simple to be workable and at the same time 
accurate and inclusive enough to be valuable. 

Such a method should not be based upon the cost and 
estimated lifetime of the entire plant, as this would make 
it impossible to give due weight to variations in the different 
units composing the plant. Average lifetime of a plant i’. 
too indefinite a basis, and makes imiiossible the proper allo- 
cation of the depreciation cost to the output of the machine 
or unit of the plant to which it is incident. In so far as 
any of the formal methods described in the following chap- 
ters are to be advocated, it should be understood that it is 
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only as they api)!}’ to the units into which the plant can 1 c 
divided most readily, and not to the plant as a whole, wliich 
is too coniidex to ser\e as a suitable base for calculating^ 
depreciation. 



CHAPTER XI 

TTIK STRAKillT MI-TIIOD 

Characteristics 

This is the simplest of Ihe several plans that have been 
sii^^ested to determine iheorelieal dei)reeiation and make 
proper alhjwaiiee for it in the ree<jrds. It is based on tlu 
assumption that if tin* investment in dollars and cents i« 
di\ided by the number of years, or ])eri()ds, of the lifetime of 
a properly, the result ini;* cpiotient expresses the amount in 
doll.irs and cents which should be allowed each year to cover 
accrued depreciation and j)revenl the lessening- of invested 
capital. Wliether the best method or not, it is at once the 
least complicated and most easily understood. No interest 
comjnitatit»ns of any kind are involved, either on the invest- 
ment itself, as in the annuity and ecpial annual payment 
metlunP, or on the annual allowances, as in the sinking 
fund method. 

The Straight Line Formula 

Having given the investment, lifetime, and salvage 
value of a properly, let represent the inrestment; n the 
lifetime in periods, as years or months; and /^' the salvage 
^alne. Then if we assume .r to eijiial the amount of the 
eiinal annual charges, an e((uation ma\ be formed as follows: 


Tf salvage value is zen\ then : 

>34 
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Illustration of Straight Line Method 

Assume the case of a plant costing $100, having a life- 
time of years and a salvage value of zero. Substituting 
these values in formula (' 2 ), we have: 


X ~- 


$100 


- -U 


Four dollars, therefore, is the annual charge necessary 
to write off the investment in ‘Ja years. 

Straight Line Tabulations 

The accompanying table shows in detail the accumula- 
tions of the charges when made on this basis, and also the 
reduced theoretical value of the remaining investment at the 
end of each year. It is so simple as to re(piire no explana- 
tion, and is given partly to make the treatment uniform 
w'ith that in the chapters which follow. 

Graphic Illustration of Straight Line Method 

Form T) (see page 1:17) is a graphic illustration of the 
straight line method. The upward i)rogress <>\ the graph 
indicates value in dollars, while its progress fnaii left to 
right represents time in years. 1 hh^. at the end of the 10th 
year $40, or 40^/ of the investim nt, has in theory ex|)ired, 
and has been charged off in the income account as an 
expense. 
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Straight Line Method 

TAIU.E OF COMin'TATIONS 


Age in 


Value at 


Depreciation 


Years EmI of l^ach Year During Year Eac^ 


Total Accrued 
Depreciation at 


$4.00 

4.00 


$4.00 

8.00 


0 

$100.00 

1 

90.00 

2 

92.00 

3 

88.00 

4 

81.00 

5 

80.00 

0 

70.00 

7 

72.00 

8 

08.00 

9 

01.00 

10 

00.00 

11 

50.00 

12 

52.00 

13 

48.00 

14 

44.00 

15 

40.00 

10 

30.00 

IT 

32.00 

18 

28.00 

19 

21.00 

20 

20.00 

21 

10.00 

22 

12.00 

23 

8.00 

24 

4.00 

25 

0.00 


4.00 

12.00 

4.00 

10.00 

4.00 

20.00 

4.00 

24.00 

4.00 

28.00 

4.00 

32.00 

4.00 

30.00 

4.00 

40.00 

4.00 

44.00 

4.00 

48.00 

4.00 

52.00 

4.00 

50.00 

4.00 

00.00 

4.00 

64.00 

4.00 

08.00 

4.00 

72.00 

4.00 

76.00 

4.00 

80.00 

4.00 

84.00 

4.00 

88.00 

4.00 

92.00 

4.00 

90.00 

4.00 

100.00 

$100.00 
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Tin*: RKDCcixc nALAXci-: method 

Characteristics 

Assuniiiipf the plant to he a unit which depreciates from 
100 value to salvai^e value, tlie reducinj^ l>alance method 
rcfiuire^i heavy charges during- the hrst years of the plant’s 
lifetime, tliese charijes continually decreasing in amount 
from year to year. Since repairs and renewals cost least 
duriii" the first years, increasing w ith more advanced years, 
they offset, to a certain extent at least, this ine(iiiality of 
charges, and tend to make the total cost of iip-keej) and 
depreciation more uniform than would otherwise he the 
case. If it w<‘re de'^irahle to amortize a portion of the capi- 
tal as the result of composite depreciation, hy buying in part 
of the stock, and there were no legal obstacle in the W’ay, 
funds accumulated as the result of the establishment of a 
reserve larger than necessary for replacements could he 
employed for that purpose. Or such fumls might he used 
for the purchase of additional plant to compensate for com- 
posite depreciation in other |)ortions of the plant. The 
undelermine<l financial status of newly established concerns 
sometimes affords cause h)r objection to this procedure, 
since, as sometimes unfortunately occurs, expediency may 
compel the payment of dividends to the sacrifice of the 
reserves. Theoretically, however, dividends cannot be paid 
until depreciation has been allowed: so that if the reducing 
balance method is assumed to rejircsent dejireciation, there 
will be no valid objection to it oil the ground that it inter- 
feres with the declaratitm of di\ idends. 
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The Reducing Balance Formula 

The reducing halnnce plan charge'^ off a constant per- 
centage on tile (Iccrea'^ing halance, heginning ^\illl the 
(Original investment and thus reducing it to '-ahage. This 
constant percentage must he Mich that at the end of a 
given nninher of perioiK. (n* xear^', the inve^lnient less sal- 
vage will liave been wrillen «)ff. A formula for such a 
procedure will now he de\ eloped. 

As.siime that rejiresents salvage value; T the original 
investment; u the niimher of perituls, as vears or months. 
Let the constant percentage nece^^ars to reduce /' to /'' in 
n periods, hy deducting for each pi'riod sneh percentage 
from the halance remaining o\er from the |)re\ions period, 
he represented hy .r. Since /' rejiresciits the original value 
of the asset, then, theoretically, its \alue at tin* end of the 
first jieriod will he /’(I — .r). do illustrate, snj)pose we 
know that for a fixed numher of \ears the |)ercentage hy 
which the halance must each year he reduced in r)rder to 
reach salvage value in a stated numher of years, is , or 
.oT of the reducing halance. Deducting .;»7 of the halance 
from the reducing halance is e(|ui\alent to multiplying the 
balance hy 1 — .‘>7, or .th‘h 'hhiis: 

( 1 ) $ 1 00 X ..‘17 ' - .$.‘^.7 ; .$ 1 Ot^ - .i:i7 -- $03 

(2) $100X(l-.37) $03 

Since r(l — .r) is the first diminished halance, result- 
ing from the de(]j.iction of the 0 I ])erceiitage from the 
original investment, so /’( 1 “-a )( I - - .r), or L( I — .rj“ is 
the diminished halance at the end of the secoml period, be- 
cause the halance at the heginning the second 

period, must he reduced hy the constant percentage, jusi as 
was F, the investment at the heginning of the first year, hy 
multiplying it hy ( J — a*). ( I — a*) therefore occurs twice 
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as a mnllij)Iicr, i.c., it is scjuarccl, and ^(1 — (1 — .r) 

may be stated better as /^(l — ,r)'. At the end of the third 
period the balance must a|[jain l)c reduced by nuiltiplyin" b\ 
(1 ~.r), and tlie resnltini,^ balance becomes F(l — .r)^ If 
n represents the j^iven number of periods, then the balance 
at the end of the «tli year will be /’( 1 —.r)", which, accord- 
ing*^ to our assumption, must represent salvage value, or V\ 
Put in form of an equation : 

(3) V{l-xY=V^ 

We can now find the value of x, the unknown percen- 
tage, in terms of the other (|uantitics, all of which are 
known. Dividing both terms of the equation by V, which 
will not alter the equality, we get : 

(4) = ^ 

Similarly we can take the 7zth root of both terms of 
equation (4) without altering the equality, thus obtaining: 

(5) 

According to a simple algebraic principle the signs of 
both terms of c(]uation (5) may be changed from + to — or 
from — to + and the equality still preserved, thus : 


( 6 ) 

Lastly, the equality is still preserved if in changing any 
quantity from one side of the equation to the other we 
simply change its sign. Thus we may obtain : 



THli KIDUCINXJ liAIAXii: Ml.TllOD 


( 7 ) 


X—t 


«//•, 

Vr 
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which states the value of . 1 * in terms of time it, original 
investment V, and salvage 


Illustration of Reducing Balance Method 

Assume the case of an imaginary plant cosling $100, 
and dcijrecialing in L^') years to a salvage value of $1. 
Further, assume that the depreciation ocenning e.ich year 
is a constant t)crcentage of the balance of the investment 
remaining at the l)eginning of the year. '1 he prohlem is to 
find this constant percentage. Suhslituting our values in 
formula (7) we have: 


jr = 1 — ^ — 

\ 100 

Wlicn solved the value of .r is found to he .lOS^OO. The 
balance must therefore he reduced each year 10. 8230'/;. 

Reducing Balance Tabulations 

In the table which follows arc tabulaterl all the items in 
the problem, extending over a peri(;d of 25 years. The 
first column indicates the age of the plant; the second 
column the value of the balance at the end of each year, 
after having been reduced from llie previous year by 
.168230; the third column each year*, rleiirecialion , wliile 
the fourth column shows the total ."cuefl depreciation to 
the end of each of the l-year i)erio(F. From this it is .seen 
that over 50/- has been written off in 4 years, an«l over 
90/ at the end of the 13th year, or when the jilant has 
barely passed middle age. The charges for the last few 
years are insignificant compared w ith the first one. 
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Reducing Balance Method 

T\nLE OF COMPUTATIONS 


Amount of 

Age in The Reduced Depreciation Depreciation from 

Years Ralance for Eacli Year lieginning to I-'i. J 

of Each Year 


0 

$100.0000 

1 

s :;. i 7 Gi 


60.1881 

;3 

57.51 It 

4 

17.8681 

5 

80.8108 

G 

88.1 180 

7 

27.5422 

8 

22.0286 

0 

10.0712 

10 

15.8626 

Jl 

18.1080 

12 

10.0712 

18 

0.1280 

11 

7.5015 

15 

6.8118 

16 

5.2580 

17 

1.8685 

18 

3.6886 

10 

8.0228 

20 

2.5180 

21 

2.0010 

22 

1.7412 

23 

1.11 S 3 

24 

1.2046 

25 

1.0018 


$16.8286 

$16.8286 

18.0088 

30.8160 

ll .(;800 

42.4550 

0.68 10 

52.1860 

8.0528 

60.1802 

6. 6!) 78 

66.8870 

5.5708 

72.1578 

1.6186 

77.0711 

8.857 t 

80.0288 

8.208(> 

84.1374 

2.1)687 

86.8061 

2.2107 

80.0258 

1.8162 

00.8720 

1.5865 

02.1085 

1.2772 

08.6857 

1.0623 

01.7480 

.8885 

05.6815 

.7310 

06.3664 

.6113 

06.0777 

.5081 

07.1861 

.4220 

07.0000 

.3408 

08.2588 

.2020 

08.5517 

.2437 

08.7054 

.2028 

08.0082 


$0{).0000 




gavTioa ni 3mvA 
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Graphic Illustration of the Reducing Balance Method 
Form (i indicates graphically the facts given in the table. 
Vertical spaces represent values, and horizontal spaces time, 
as designated. The rise of the curve indicates the accrual 
of depreciation upon the reducing balance theory. In the 
table, accrued depreciation at the end of the 6th year 
anioiints to $66.81). This may be found approximately in 
the grapli by noting what amount in dollars is diagonally 
opposite the 6-ycar point in the rectangle one of whose up- 
right sides is determined by the intersection of the curve 
with the vertical line drawn from 6. The exact amount 
in dollars is not likely to be found, as it is indicated at only 
five points, 0, 80, 60, 1)0, and 100, each vertical space repre- 
senting $8. However, the amount indicated by the curve 
for any given time can be read approximately. 
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TH]': SINKING FUND MJCTllOD 

Characteristics 

The sinking fund method derive'^ iN name fn^n the fact 
that it employs the ])rinciples which are ordinarily u^ed in 
the e^tahlishnient of sinkinjic funds for the liijuidation of 
bonded indebtedness, as well as for purposes nf riplace- 
inent, etc. Tt mii^ht also ho called the comj)()und intiTC' t 
method, since sinkin^’ funds accumulate by ciunpound in- 
terest, and because it is sometimes employed wilhoul c'-lab- 
lishinj^ an actual sinkin^f fund, as in the ccjual annual 
l)aynicnt method, ccaisidered in Uhapler X\^ 

WT* must not forqet that where the rate of depreciation 
is made a function of a rate of interest, such depreciation 
is purely theoretical, and ma\ or may not aj)pro\iinate 
actual depreciation. Some confusion has resulted from 
attemptins^ to indicate depreciation by means of inlere-t 
formulas, with the result that such methods have beui 
branded by some writers as illusory, and misleadinj^^. 'The 
way to determine actual depreciation is by inspection. Ihit 
this docs not necessarily render useless, formulas which can 
be a])plied with due consideration rjf the facts in the case 
Idle jiroblem is one of expediency, and whatever i>lan will 
aid in a solution of the problem oui^ht to be ado])led d be 
possible usefulness of the various m'‘ibods has already bei ii 
discussed in Chapter X. 

Ry the sinkings fund meth^jd a bxed sum of money i^ 
placed aside each period and alk)wed to accumulate at com- 
pound interest. The amounts thus set a^^ide, plus their in- 
terest accumulations, must be such as to cfjual the desired 

H5 
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amount at the end of an assumed period. Although the 
annual char^jes remain constant, the actual hurdeii increases 
each period, because in addition to the ecpial amounts placed 
in the fund i)criodically, there are the continually increasing 
interest accumulations which represent the earning capacity 
of the fund and which are not received through the usual 
channels of revenue as they would be if the funds were rein- 
vested in the business. 

The Sinking Fund Formula 

Assume an imaginary plant with a value of $100, life- 
time of 25 years, and salvage value of zero. Our problem 
is to find what sum of money must be set aside each year in 
order that at the end of 25 years the fund will have accu- 
midated to $100, at 5^//' interest, compounded annually. 

When a series of numbers increases or decreases by a 
constant factor, it forms a geometrical progression wIk^sc 
terms consist of the resi)ective annual charges plus their 
interest accumulations at the end of the assumed period of 
years. In the problem given, it is evident that the last one 
of the 25 fixed payments w ill accumulate no interest, since 
it is made at the end of the 25111 year, when the fund will be 
needed to make the desired replacement. The next to the 
last payment (24th) will accumulate interest for 1 year; 
while the one preceding this will accumulate not only 1 
year’s interest on the payment made to the fund, hut also 1 
year’s interest on the sum of the 25rd payment after being 
enhanced hy its first year’s interest accumulation, and so on. 
5% being the rate of interest, we obtain a series which in- 
creases by a constant factor (1.05), thus: 

The last year the charge accumulates no interest, so it 
amounts to 1.00 times the charge. 

Next to last year the charge accumulates to 1.05 times 
the charge. 
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Second year from (he la^t, llio cliar‘;e acciiiiiiilales to 
(1.05 X 1.05) (inic-s the cliari;e. 

Third \ear from the la^'t, the eliarqe aectmiidalc'^ to 
1. 1570^5 ( 1.10 l\'') X 1.05) timc^ the eh.iij^e, an«I .so on, each 
year’s charge aeeumiilatini; to an anuumt I 05 lari;er than 
the amount accumulated h\ the charge of the year 
follow in 

"J'hus llie cou.slant factor i>> 1 n.“( in the series coiisistini; 
of the annual chare,es plus ilu-ir inleri-l accietioiis, Ncjw, 
if we assume .r to 1 e the fixed annu.d p.ixmeiit ui'cessary to 
produce the reipiired ^iim, then x ' 1 o;, is the accumul.i- 
tion of the iie\l to the last \ear's pa\menl: .v 1.05' that 
of the i)recediuj4' year : r X 1.05- that of the next precedim^ ; 
and .so on. In this in-t:un‘e. .r X I 05 ' is the acciimulaliou 
of the first payment invested 'fo ^ecure a iijeneral formula 
let r represent the consiaiil factor, and n the numher of 
}ears. Then: 

.r + aT H' a*r T xr' I-av*' 1- . . . -l-aT"-* 

is the f^eneral form of tlie iiicre.e ini; .geometrical proi;res- 
sion. The sum of these term-, or I', must eipial the fund 
accumulated after // years, h\ in\ e-tin.*; .r d(Tar> in a fund 
accuniulatiii^' at the rate of r. fhis sum is a known (|uau- 
tity, heiiii:; $100 in the pn»hlem a-sumed. JJy a well known 
iiiallieiualical principle,' 


(1) 

1! 

•- .-v 

! 1 

(2) 

V- 

>■) 

- n 


* To find the sum of the tcim-, fif .1 f'l-rnMnc 'i ii multiply thr frrrntrsf 
term by the ratio; from the product suhtiao ili< I'.isticiin, divide the remaiiidt-r 
by the ratio less U 
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( 3 ) 


.•.F = 


(r-1) 


W 




(r-1) 

(f-l) 


Illustration of Sinking Fund Method 

Substituting in equation (4) the values assumed above, 
and solving hy logarithms, we have: 


^ $2.0952+ 

That this amount set aside each year, at 59^ compound 
interest, for 25 years, will amount to $100, may be proven 
by using formula (3) : 

fl 05” — I') 

F = $2.0952-^— -^-^=$100 

Since in practice fractions smaller than one cent cannot 
lie dealt with, tlie amount of each instalment would be 
$2.10, This, compounded at 5% for 25 years, would 
slightly exceed $100, and would amount to $100.22. 

Sinking Fund Tabulations 

In the table which follows, all figures secured in the 
solution of this problem are tabulated. The first column 
shows the age in years; the second column the value at the 
end of each year; the third column the equal annual pay- 
ments to the depreciation fund; the fourth column the in- 
terest accumulations of the fund; and the fifth column the 



THE SINKING FUND METHOD 


149 


Sinking Fi nd Metikm) 

TARI.K OF COMI'GTXTIONS 


Age in 
Years 


Value at 
End of 
Year 


Annual Pay- 
ment to Sink- 
ing 


Annual Ac- 
cretion of 
interest in 
Sinking Fund 


Actual Annual 
Cost, or Pay- 
ment, Plus 
Year’s Interest 
Accumulations 


0 

1 

2 

3 

4 

5 
0 

7 

8 
0 

10 

11 

12 

13 

14 

15 
IG 

17 

18 

19 

20 
21 
22 

23 

24 

25 


$100.0000 
97.9048 
95.7071 
93.3947 
90.9G93 
88.4225 
85.7483 
82.9405 
79.9923 
7G.98(;(» 
73.G4G2 
70.2333 
00. G 197 
G2.8870 
58.93GI 
54.787G 
50.4317 
45.8581 
41.0557 
3G.0133 
30.7187 
25.1594 
19,3221 
13.1930 
6.7574 
0.0000 


$2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 

2.0952 


$0.0000 
.1049 
.2148 
.3302 
.45 IG 
.5790 
.712G 
.8530 
1.0005 
1.1552 
1.3177 
1.1881 
1 .Gt)75 
1.8557 
2.0533 
2.2G07 
2.4784 
2.7072 
2.9172 
3.1994 
3.4G11 
3.7421 
4.0339 
4.3404 
4.GG22 


$2.0952 
2.2001 
2.3100 
2.425 1 
2.54GS 
2.G7I2 
2.S07S 
2.9182 
3.0957 
3.2501 
3.1129 
3.583G 
3.7G27 
3.9509 
4.1 IS5 
4.3559 
4.573G 
4.8021 
5.0421 
5.294G 
5.5593 
5.8373> 
G.1291 
G.435G 
G.7574 


$52.3800 $47.G200 $100.0000 




Form 7 . Sinking Fund Curves (plotted from data on page 149) 


THE SINKING FITND METHOD 


151 

actual burden for cacli year secured by combining- the results 
ill the third and fourth columns. 

Graphic Illustration of Sinking Fund Method 

The proiilcm is solved graphically in Form 7. Curve 1 
indicates the growth of the interest accumulations; 2 the 
equal annual charges (this is a straight line) ; and curve :i 
tlie resultant of 1 and 2. Note that in tliis iiiMance the 
interest accumulations, $-17. <52, aie hut ^lighlly less than llir 
payments to the fund, $r)2..‘18. 
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THE ANNUITY METHOD 

Characteristics 

This method hears some resemblance to the equal annual 
payment method (Chapter XV), as in lK)th an allowance is 
made for interest on the invcslmcnt remaining; at the begin- 
ning; of each period. Under the cf[ual annual paymen' 
method the diminution of the investment is arbitrarily de- 
termined by assuming; that the depreciation is equal to the 
gradual increase of a sinking fund based on a given rate (jf 
interest. 

Similarly the annuity method proceeds on the assump- 
tion that interest on the remaining investment should be 
allowed for in the revenues; and also that the annual allow- 
ances should he c(|ual, as is the case under the ecpial annual 
payment method when the rate of intcre'^t on the investment 
is the same as is assumed h)r the sinking fund. 

Under the annuity method, however, the equal annual 
charge is determined without the assumption of any 
depreciation rate, by merely finding such a sum as, when 
deducted each year from the sum of the remaining invest- 
ment and the interest thereon at a given rate, will write 
dow'n the investment to salvage, or zero, and in additi(ui 
return the full amount of the interest on the investment as it 
stands from beginning to end of the plant’s life. Interest 
for the first year is on the original investment; for the 
second year on the original investment reduced by the 
amount that the total annual allowance for interest and 
depreciation is in excess of the interest on investment for 
the first year. Thus that part of the allowance covering the 
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item of interest will g^radually diminisli. while that part 
covering depreciation will correspondingly increase, the two 
combined being always the same. 

But, whereas under the ecpial annual payment methotl 
the amount of the depreciaiiuii, and conse«iuenlly the re- 
maining investment, depends upon the growth of a theoreti- 
cal sinking fund, under the annuity nielhoil the controlling 
factor is the rjite of interest on tlie iiueslinent. As the rate 
is low’ered this method approaches nearer aiul nearer to the 
straight line method, becoming identical with it when the 
interest is zero. Under the ecpial animal payment method 
the depreciation is made a function of tlie rate of intere^.t 
upon which a sinking fund acciiinnlates, while in the an- 
nuity method the depreciation is a function of the assumed 
rate of interest on the investment. 

The Annuity Formula 

The annuity plan charges off an eipial amount each year 
sufficient to cover interest on the remaining investment, aiul 
in addition to reduce plant to ''ah .age, «)r zero, at the end of 
a given time. Let / repre enl original value, / ' ''alvage 
value, u the lifetime of the plant, and /' the r.ite ot interest 
plus 1. 

Since V is the original value, i r, that is, J multii)lied 
by 1 plus the rate of interest, is the sum of the origin.al 
investment plus interest on it for the fir''! jieriod. hor 
instance, if the original value i'' ami intere^'t «)n invest- 

ment is computed at T)'/ , then X l-^^a ( 1 phi"* the r.ite 
of interest) ccinals or tl ‘ original investment jilus 

one year’s interest. 

If we let -v represent the ecinal annual charge, the 
amount of which we are seeking, and which just sufii- 
cient to return both principal and interest lliereon at the 
given rate, then it is clear that tlie investment remaining 
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after the first annual charge — and the investment at the 
beginning of the second period — will he (Wr — x). There- 
fore, following the same procedure as he fore, the interest 
on the investment for the second period will he (Vr — x) 
multiplied hy I plus the rate of interest, or (rr — x)r. 
hVom this in turn we deduct x, the second annual charge, 
which gives us the investment dt the heginning of the third 
])eriod, or (/> — — x, and so on for as many periods 

as necessary. Suppose the lifetime of the jilant is four 
years, then : 

( 1 ) 1 1 ( / V — .r ) r ~ .r J r — .r J r - - .i* F' 

Kemoving the first parentheses, 

( 2 ) 1 ( / > • x) r — X I r — xr ~ x — I 

Removing the second parentheses, 

( 2) ) (I’r - x)r' ~ xr — xr — .r - “ F' 

Removing the last parentheses, 

( 1 ) I'r' xr' xr — .r/' .v - - / 

We next solve this e(iualion for .r, hy first transferring 
/ r' to the opposite side of the ccpiation, changing its sign, 
thus : 

( 5 ) — xr'' — — xr — .r — ] 

Changing the signs of all terms we have: 

( G ) xr'' 4- f- .r r -\-x=rr'-J 

Or, 

(7) x{r^ + r -h r + 1)= kY - 
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Dividing both terms by (r"* H- ;•- + r + 1 ), 


( 8 ) 

Or, 

( 0 ) 


r‘ 4 r 4 r -f 1 


(/>‘- 


/’*) 


(r- 1) 
tr' 1) 


P*y sul)stitiiting ;/ for 1. a general formula is obtaiiual. 
applicable lu any number of periods, (bus ; 


( 10 ) 




(r- 1) 

(/-'■ I) 


Illustration of Annuity Method 

Assume an imaginary plan! eosiing .$100 and having a 
lifetime of 2.*) years. Assume further that the investment 
as at the beginning of each year should ha\e a return of U/J 
thereon. Substituting these Known terms in our formula 
wc have : 


(1.0.-;- n 

which when solved with the aid of K^garithms gives 
$7.005L>454- for the value of a*; that is, the eriual annual 
allowance that must be made t<i afford a return of on 
the investment, and also reduce the iiuestnicnt to zero at 
the end of the 2.’)th year. Since ihe ’luestnienl gradually 
decreases, the theoretical depreciation gradually increases; 
the sum of interest on investment plus depreciation allow- 
ance being always $7.00.'>- !•“> I . It should he noted that 
the same results are secured by this metliod a^ 1 y the ecpial 
annual payment method when the rate <jf intere''t employeil 
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is the same as is used in tlie equal annual payment method, 
both for computing dei)rcciation on a sinking fund basis 
and for computing interest on the investment. 

Annuity Tabulations 

The tabic which follows details the computations for 
the problem given above. The first column gives the age of 
the plant in years ; the second column indicates the theoreti- 
cal value at the end of each year ; tlie third column gives the 
interest on the remaining investment eacli year ; the fourth 
column gives the theoretical depreciation ; and the items in 
the fifth column are formed hy combining interest on in- 
vestment and depreciation, which is the allowance for each 
year. The contents of the accomiianying annuity table 
should ])e carefully compared witli those of the equal annual 
payment talile of Chapter XV. 

Graphic Illustration of Annuity Method 

This prolilem is illustrated graphically in Form S. 
Curve 1 indicates the depreciation ; curve 2 the interest on 
the investment ; and the straight line shows the resultant 
of curves 1 and 2. 
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Annuity Method 

TABLE OF COMPUTATIONS 


\kc in Value at 


Interest on Re- 
maining Value of 
Property at 


0 >mlune(l 

Depreciation 

Allow.ince 


Depreciation 
Phis Interest 
on liivestincnt 


0 $100.0000 

1 9T.0048 

2 1)5.7017 

;] !);5.:’.017 

1 !J0.i)(;!i;i 

5 88.4225 

() 85.7 183 

7 82.1)405 

S 79.0923 

9 7G.S9(;(; 

10 73.(i4(;2 

11 70.2333 

12 GO. 0497 
GL>.(iJG2 

1 1 58.0:501 

15 51.7870 

10 50.1:517 

17 45.8581 

18 41.0557 

10 ;50.0i:50 

20 :50.71S7 

21 25.1501 

22 19.3221 

23 13.1030 

24 0.7574 

25 0.0000 

$77.3800 


$2.0952 

$7.0952 

2.2001 

7.0952 

2.3100 

7.0952 

2.1251 

7.0952 

2.5 IGS 

7.0952 

2.0712 

7.0952 

2.S07S 

7.0952 

2.9 1S2 

7.0952 

3.0957 

7.0952 

3.2501 

7.0952 

3.1129 

7.0952 

3.5S30 

7.0952 

3.7027 

7.0952 

3.9509 

7.0952 

1.1 1S5 

7.0952 

4.3559 

7.0952 

4.5730 

7.0952 

4. 8024 

7.0952 

5.0424 

7.0952 

5.2946 

7.0952 

5.5593 

7.0952 

5 >9,73 

7.0952 

^;.1J91 

7.0952 

il. li»50 

7 0952 

0.757 1 

7.0952 

$100.0000 

$177.3800 


.$5.0000 
I.S052 
4.7S52 
1.0007 
4.51.S1 
4.421 1 
4.287 1 
4.1470 
3.000(i 
3. 8448 
3.0823 
: 3 . 51 10 
3.:5325 
:5.t4 13 
2.0 108 
2.730 4 
2.5210 
2.2020 
2.0528 
1.8000 
1.5.350 
1.25.80 
.0001 
.0500 
.3370 




IN YEAC5 














CIIAPTKR XV 


Tin* Knu.w. AXXL'Al. lAVMlXXT Ml'VI'lIOr) 

Characteristics 

'I’liis nictlnul’ has l)ceii for llic I'lirpo^e of 

curiiiL;' an e(jiiali/L’(l (k-j)iTci.il loii rliari^c. and IliiK a iinifonn 
iine^tnicnl co^l. lU in\r''lnK‘nl covi is meanl that pari of 
the cost of the onlpiil which ari-cs fmm ihc in\ c'-linent in 
the industrial plant, without which (ticralion>s could not he 
carried on. hnestinenl co^t will dcpi'nd upon the ainonn! 
of capital Slink in (he enterprise and the lapidily with which 
it is exhausted. '\ hns, if a plant capable of tnrnin^ out taie 
thousand nnits of a nniforin pntdnct caiT \car for 10 yeais, 
costs $10,000, then the in\ (‘"Inient co^t per unit is $1, 
i<;norin|L,^ interest If the $10. non in\e''tc«l in the plant is 
worth 0/f interest, then the total iincslinent (H)sI is $10,000 
pills the interest on that ainonnt for 10 years at , or 
$10,000. 'This assnnies that (he total investment remains in 
the plant. If at the end of e.icli u-ara p')rtion of the invest 
ment is retnrnetl. as it should he niider a proper system of 
chari^ins;' for depreciation or e\han-led capital outlay, Ihi* 
interest charge on the reniainin;^ investment will decrease 
each year in proiiortion to tlu- amount (>t the investment so 
amortized, and the interest phis tlu* investment will he con- 
siderably less than $ MI, 000. 

In theory this C(|nal annual invv-'lmenl (]iari.;^i* woiiM he 
secured when, takiiii^ into conoid’ rauon the interest cost on 
the continually decreasing- inve^lnient, an equal annnal 
char 5 : 5 ;e is made against revenue that will cover both depre- 

' .SugKr.s)cil liy llic SpcLi.i! romiiiilii f <>ii \ ilu ■timi j-f tl)i Anurican S'^cicly 
of Civil Enginccri, in thtir tentative ni'ort <if n, 

*50 
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ciatif)n of the rcnininiiii,^ investment and the interest cost 
incident to such investment. 

Assume the case of a property costini^ $100, havinir a 
lifetime of 25 years. The nmney invested has heen bor- 
rowed at 5y^ interest. To simplify matters we shall for the 
present TK\c,dect salva^^c value and re])airs. I low can we 
(lolermine the e(|iial annual investment cost and therefore 
the annual depreciation chart^es to cover such cost, so that 
out of such chari^es the investment can he amortized and 
interest at 5/f paid on the continually reducinij^ investment? 
'I'hat is, instead of waitinj^ until the end of the 25th year 
to repay the loan of $100, a payment is to he made thereon 
each year of a sum representing;* depreciation durint,^ the 
year plus interest on the investment as at the hcRinninj:,^ of 
the year. 1'he reduction of the interest charge will depend 
on the rapidity with which the investment tlieorctically 
depreciates and is amortized through the animal charges. 
Since interest cost .i^radually diminishes, it follows that to 
make the chari^c ecpial from year to year the depreciation 
must correspondingly increase. 

Illustration of Equal Annual Payment Method 

The sum which must he placed in a sinking; fund each 
year so that such annual payments plus their accumulations 
at 5^? compound interest will amount in 25 years to $100, 
is, according to the formula e.\i)lained in Chapter XllI, 
$2.0052+. P»y the eipial annual payment method, instead 
of establishing; a sinking; fund, each annual depreciation 
charge is made equal to what tlie annual payment to a sink- 
ing fund plus the interest accumulations for that year would 
have amounted to had such a fund keen established. In the 
third column of the table which follows, the depreciation 
for each year is assumed to be equal to the annual increase 
of a sinking fund into which annual payments of $2.0952+ 
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arc made and allowed to accumulate at .5% interest, thus 
amounting' to $100 at the end of 25 years. These amounts, 
\\licn deducted from tlie amount invested as at the begin- 
ning' of each year, give the remaining investment up«Mi 
which interest for the next year is computed. The return 
on the remaining investment as at the beginning of each 
year is shown in tlic fourth column at 5%, and in the fifth 
column at The sixth and seventh columns sIidw the 

depreciation ancl interest on the remaining investment com- 
bined. It is only when the same rate of interest is assumed 
for computation of the deprcciatirui by the sinking fund 
method and for the interest on the remaining investment, 
that the amount of the two when combined remains a con- 
stant quantity. 

Since a sinking fund is not really established, the fol- 
lowing question arises: W'hat is to determine the rate of 
interest to be employed in making the comi)utati«)n of the 
depreciation? This leads to a consideration of what appears 
to be the leading defect of the method, vi/., that the amount 
of the depreciation, and conse(|nently the amount of the 
remaining investment, is assumed to be dependent upon the 
laws of compound interest, d'hcre is no ground whatever 
for such an assumption, and if property depreciates to the 
same extent that a sinking fund accumulates, it is due 
merely to a coincidence, and one which it is safe to say 
never occurs in reality. This, however, docs not neces- 
sarily negative the value of the plan, which, it would appear, 
might— after a careful comparisoi. of the various sinking 
fund curves with actual condition to find what one most 
nearly approximates such conditi<ins — Ije of much value in 
determining a uniform or nearly uniform charge. 

Equal Annual Payment Tabulations 

In the table which follows arc given all the tabulations 



i 62 principles of depreciation 




•o *- 


o\ 

•f 

CO 

1^ 


r/: 

Cl 


Cl 

Cl — ( 

G Cl o 



e (Tt 


»o 

CO 

G- 

CCi 


CO 

o 

T 


CT O 

G CO CO 



cl 4^ 


a 

o 

O 

h 

r-^ 

CO 

1-H 


Ci 


G Cl VO 



o S 

!>. 

o 

o 

O 

Ci 


CO 

CO 

1 - 

CO 

cc o 

CO 



•S E 

ci 

d 

d 

c/i 

d 

cd 

cd 

CO 

cd 

<d cd 

cd cd cd 



.5 


€0- 













o 















1> > 















^ r- 

°l 

















Cl 

CO 

Cl 

1-H 

CO 

CO 

Cl 

Cl 

CO 

01 Cl 

Cl Cl Cl 




O 

o 

lO 

o 

d 

d 

VC 


VO 

VO ic 

vO VO VO 



'£ E 

I'" 

Ci 


Ci 

Cs 

o 

G. 

Ci 

G 

Ci 

G G 

G G G. 



e 3 

•O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o o 

o o o 



o a> 


1 - 

1- 

1- 

i- 

t- 

t- 

1- 

1' 

1- 

1- 

1- I- 1- 
















a 















o 















M 




o 

CO 

CO 

CO 

Ci 

CO 


oo 

vC 

00 Cl 

CO VO tH 

H 




o 

CO 

Ci 


1- 

Ci 

Cl 

VO 

G 

Cl VO 

G vO CI 

Ui 

c/3 

X 


!>. 

o 

lO 

Ci 

CO 

CO 

00 

o 

o 

G- 

CO VO 

rH G O 


.S 

o 

QO 

CO 

>to 

CO 


o 

cq 

vq 

CC ,-1 

G G 

H 

o 

11“ 



d 

cd 

cd 

cd 

CO 

cd 

d 

vd 

5 

5 

rh Tt^ Tji 

)r, 

h 

< 














Ui 

'P. 

> 

H 

D 

Oi 

w j 













< 

Cu 

S 

c ® 

u <U 


o 

Cl 

Cl 

t- 


iH 

-H 

o 

CO 

CO CO 

G VO Cl 


P 

3^ 


o 

».o 

»c 

Ci 

O) 

rH 

1- 

1- 

G 

^ Cl 

vH Cl -+• 


CJ 


m 

o 

Ci 

CO 

CO 

*+ 

Cl 

«o 

-H 

G 

-+ rri 

r^ C-0 -f 

<; 

ti( 

(5> 

o 

to 

1- 

CO 

VO 


Cl 

T— t 

G 

(O CO 

vq CO r-t 

D 

O 

o* 





'ii 


rji 

cd 

cd cd 

cd cd cd 




€©■ 











?: 

u 

uJ 















ca 















< 














j 

H 

C 1 

o ' 

5 

Cl 

r-t 

o 


CO 

Cl 

CO 

Cl 

r- 

G 

G A- G 




L* 

»o 

o 

o 

»C) 

CO 


1- 

CO 

VO 

o Cl 

G Cl O 



o 

o 

r-< 

Cl 


1- 

o 


G 

VO tH 

CO G VO 

a 


U 

SO 

o 

Cl 

CO 


VO 

CO 

oq 

Ci 

C> 

Cl ^ 

vq G 

W 



ci 

Cl 

ci 

ci 

ci 

ci 

ci 

(ci 

cd 

cd cd 

cd cd cd 



S'! 

5 

€©• 











QQ 
















O OD l> 

. i> 

• CO O CO lO CO CO Cl CO b- o 



jj 

3 

O 

- 

< rh G Cl CO C 

Cl G 

> CO CO G 1- 




o c 

G 

c 

G 

Cl r 

»+ 

G G C? rf* 00 



o o i- CC Ci 't 

G 

G 

GO CO Cl o oo 



75 ® 

O t- iO CO C 

cc 

VC Cl G 

CO c? c 

G Cl 



>■§ 

o c 

a c 


tC 

00 OO t- 

1- It- t- CO CO 



W 














C <n 















O r- 

1 (M CO 

< VO CO t- 

00 G 

O 

(M CO 



UI 










T-I r- 

iH tH 



<>^ 














Equal Axnual Payment Method {Continued) 


THE EQUAL ANNUAL PAYMENT METHOD 


■a ^ 

C 


■I- 

BB 

O 

ua 


boi: 

.B 

.5 ^ 

C4 Ui 

B ^ 

/V o 

« u 


2 -2 
cJ *(5 
«> 


o 

.Z lU 

'w bo 


4; 3 

PQ 


0,^ 

S'-M 

>*2 






W 


a; ^ 


O o or o i-j cr> 

^ y-~i c-i '71 o »-: ri v/ 1 -H cs o 

O O r-( r-< r-i O O V^S CO 

rH T-- O wi or.) »0 -+l o? Ol 

C/D C4) C/j JC I- I- t- 


CO O'? Ol ett Ol 

»0 »0 O lO »o 

o rj r: r: r. 

o o o o o 

i- i- i- i- i- 


0| C? O) Cl CO 

>o o o o >o 

CO c. <r. c; o 

o o o o o 

I- I- I- I- t- 


»(0 

KO 


r-t Ol 

iO o 


T-< <■/■' -M 

CO 00 CO 


CO CO CO Ol >0 >-0 

CO O O ^ <01 CO 

I - <01 1 0 CC »C 0 1 

</J »0 rH I- CO c: 

ci oi oi r-i r-i 


or 

o 

-f 


cr c: «■/. cr 


Ci o r-( r.; 

lO -OC I • 

C CO »0 O »0 CO 

A »0 Cl c. 'IC CO 


<01 (01 <01 Cl CJ rH rH r-( 



cc 

1- 

?—* 

1 - 

CO 

1 - 

■04 

r-< 



0 

J - 

1—! 

■ A 

lO 

'IT' 

> 


Cl 


1 - 

CO 

<yj 






1 

Cl 



Ci 

1 - 

-f 

/j 

0 

'C 

1 - 

r—* 

CO 

T — 1 

t - 

rrj 

-H 

d 



12. 


>0 

2-j 

CO 

'w* 

iO 

0 

0 



CO 

;o 

Cl 

1—1 

T-l 



-t< 1(0 O 1- r/j O O r-< 


I CO 
1 Cl 01 


-+• JO 
01 Cl 


163 


o 

o 

CO 

CO 

or 

o 

Cl 


o 

CO 


r/j 

O 


o 

o 


lO 

0 

CO 



<•0 

CO 

CO 

1 -H 

re 


0 

cr 

•O 

CO 

Cl 

Cl 


•Tj 

1 - 



1 - 

0 

-h 

»o 

1 - 

0 


c. 

0 

CO 

Cl 

CO 

10 

0 

th 

CO 

»<0 

■r 

q 

Cl 

*0 

cr. 

tH 


1- 

q 





0 

d 


0 

<d 

d 

d 

0 

0 

€€^ 



164 


PRINCIPLKS OF DKPRECIATION 



Form 9 . Curves Illustrating Equal Annual Payment Method (plotted 
from data on pages i6j. 163). The figures at left of curves 
indicate value in dollars. 
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illustrative of this plan for an invcsimont of $100, liavinj^- a 
lifetime of iL“) )ears, with (lei)rociati(Mi ha-'Cil on a sinkiii*; 
fund accnmulaliiiL^ at :>'/ eominuniil interest, and returns 
of r//f' and TS , respeeiueh , i»n llie reinainiiij; iiueslment. 
'riie items in the sixth eoliimn are formed h\ eomhinini^»- the 
items of tlie thinl aiid fourth eolumns; while the items in 
the seventh eolnmn are formed hy eomhinin|Lf the items of 
the third and hflh columns. 

Graphic Illustration of Equal Annual Payment Method 
fn Form these fads are indicat'd ^graphically, t'nrve I 
represents depreciation; ciirxe '2 it presents return on the 
iiu’estment at o[< : curve 2, reprt‘sl‘nl^ return on the in\est- 
nient at '< . 1 he slrai.<;ht line I is the result. mt of cnr\ es 

I and 2, while curve represents lln‘ re^'iill.int ol I and 2t 
.Vole that while I is a straii^ht line. is ‘^lil;lltly curved, 
owinq* to the slit^htly decreasing eharije, ;is ^hown in lh(‘ 
seventh euluniii uf the table. 



CHAPTER XVI 

THE UNIT COST METHOD 


Characteristics 

This is a modification of the sinking fund method, based, 
its advocates claim, on the proposition that decrease of 
plant value is determined by increased cost of service or out- 
put, and may result either from obsolescence or actual phy- 
sical depletion. It is claimed by the advocates of the unit 
cost method that the sinking fund formula is not of a suffi- 
ciently general type to take into consideration all the factors 
whicli enter into the problem; as, for example, the loss in 
economy resulting from the use of an old machine. The 
unit cost method, it is said, takes into consideration these 
factors, being based on the principle that the true price of a 
second-hand machine is such that during its remaining life 
the cost of output will be the same as during the life of a 
new machine. 

The Unit Cost Formula 

The unit cost formula is developed on the basis of value 
applicable to a given depreciated machine, and on value 
applicable to a new machine. That is, by making a com- 
parison of a w'orn and a new plant on the basis of known or 
assumed facts, their relative values are found to be such 
that a unit of output will cost the same for the old as for the 
new machine. To accomplish such a result it is necessary 
to take into consideration the following factors: (1) the 
cost of amortizing the new machine; (2) the depreciated 
value of the old machine; (3) the average annual operating 
expenses, not including repairs, of both machines for their 

1 66 
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g^iven lifetime; (4) the annuities which will he siifi'icient U> 
provide jepairs for both iiiachinc-s; and (5) the luiinher of 
units of output which eacli machine is capable of p^odncing^ 
1 hese values, for use in developing tlie unit cost formula, 
may be expressed as follows : 

F = first cost of new machine. 

V = depreciated value of old machine. 

F — sinking fund annuity to amortize F in its life of N 
years. 

f = sinking fund annuity to amortize r in its life of n 
• years. 

A/’ == lifetime in years of new machine. 

n = remaining lifetime in years of old machine. 

(2 = average annual operating expense of new machine, 
not including repairs, <luring i\ years. 

q = average annual operating expense of old machine, 
not including repairs, during remaining lifetime 
of Ji years. 

P = annuity necessary to meet repairs of new machine 
during iV years. 

P = annuity necessary to meet repairs of old machine 
during n years. 

i — rate of interest. 

U = average cost per unit of output of new machine lor 
N years. 

u = average cost per unit of output of old machine for 
n years. 

F = average number of units of output per annum of 
new machine during N years. 

y = average number of units of output per annum of 
old machine during n years. 

The average unit cost for the old and new machines may 
be expressed thus: 
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( 1 ) 


u= 


Q-f-P + F + iF 

Y 


( 3 ) 


y 


According to our theorem, the unit cost of iK)th old and 
new machines must l)e the same ; therefore : 


(3) Q_+ t'^1 

y - “ - 

According to formula (4) in Chapter XIII, the V being 
dropped as it here ecjuals 1, the sinking fund annuity 
necessary to accumulate m N years is: 


( 4 ) 


X 


(r^-l) 


Substituting (1 +i) for r we have: 


( 5 ) 


X = 


( L + i)^ — 1 


Similarly the sinking fund annuity necessary to accumu- 
late $1 in n years is : 


(< 5 ) 




To accumulate V dollars in N years will therefore re- 
quire an annuity of : 


iV 


( 7 ) 


F = XV 
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To accumulate z* dollars in n years will require an an- 
nuity of : 

( 8 ) 

These values of F and f may now he substituted in 
equation (11), as follows: 

(9) 0+7^4- AT'-l-t7'_7 i-/> h.n--l-f7' 

- 3 ' ' 

lu|uation (9) may now’ he solved for z\ the depreciated 
value of the old plant. Multiplying;- both terms by y, 


(10) q + p XV + iv ' y 


(Q 1 F 1 A7' I //') 


Transferring {q + />) to the opposite side by changing 
their sign, 

{Q + P b XV b iV) 

(11) XV + iv = y ^ -(</ + />) 

Since is common to botli items of the left-hand side of 
the equation, it may he written ; 

(Q + r + xr-\ il') 

(12) v{x + i)=--y —('/I'/’) 


Dividing both terms of the ei;uation by (jrd-f) we 
have : 

* * V 0 + 1 ) 
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Or, extending the parentheses to include (q p) by 

niiiltiplving and dividing it hv ^ — (thus leaving its 

{x -f 0 

value unchanged), \vc have: 

(14) -v _<7.±_A 

.r -f / \ y y ] 

which is the general form of the unit cost formula. Values 
of A" and .r are calculated by the sinking fund formulas (5) 
and (0). 

If the annual num])er of units of output of the old and 
new macliines are the same, then V -- y and eciualion (14) 
becomes : 


(15) r 
Or. 

(IG) V 


(C)_+ 

" “ (aH7)' 

J^AM- 0 + (0 -yP- q-p) 

T,r + /) ■ 


When the average annual operating expenses of the old 
and new plants are the same, Q q and the formula 
becomes : 

<-) 

When Q -y P — q ~y p, the formula becomes r 


(18) 


= - 


r(x + 0 

ix + i) 


which may be proven to be but another form of the sinking 
fund formula. 
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Illustration of Unit Cost Method 

Let $100 represent tlie C()st of a unit of plant, with an 
estimated lifetime of 2") years, 5 years of which has exihred 
Let 5% he tlie rate of interest on the investment, while the 
average annual oi)erating expense, excluding repairs, is $ra) 
a year. The annuity to provide for repairs during the 
remaining years is $12. When this plant unit was pur- 
chased it was clearly worth its full cost. W ith the pass.age 
of time, however, im]n*ovements arc made, so that a 
machine of ecpial durability may be secured 5 years later at 
a cost of $100, which will turn out an average of 10 units 
per annum, at a reduction from $12 to $11 per annum for 
repairs, and from $50 to $1S for oi)erating expense. In 
tcrest on investment remains the same. It is estimated tliat 
the old machine will turn out, on an average. :»S units per 
annum during the rest of its lifetime, 20 wars. 

If now we substitute the.se values in formula (11), we 

have : 

_ _ 38 /$t8 4- $1 1 4- $2.0052 T $5_$50 b $12\ 

^ 03024 + . 05 \ 10 -‘is / 

From this we find the value of z ’ — which is the depreciatecl 
value of the old plant — to be $lt.s5. 

The accuracy of the results secured by this meth(jd are 
commented on in Chapter X. 
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Computing Interest 

Interest computations extending over long periods, as 
well as other ealculations involving extended processes of 
multiplication and division, or the finding of powers and 
roots, are greatly facilitated hy the use of logarithms. 
When, for example, it is necessary to compute the amount 
of an annuity, i.c., of a series of equal annual payments, of, 
let us say, $10 each, for a period of llO years, accumulating 
at a rate of compound interest, the work of doing this 
hy tiie usual arithmetical process is exceedingly laborious, 
'fluis, the computations for the first three years are as 
follows : 

First annual payment $10.00 

X 1.06 


aw 

1000 


Amount at end of 1st year $10.60 

Add 2nd annual payment 10.00 

Principal at beginning of 2nd year $20.60 


X 1.06 


12360 

2060 


Amount at end of 2nd year.. 

172 


$21,836 
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Amount at end of 2nd year (hrotinlil forward) $21 R.V) 


Add 3rd annual payment lO.fX) 

Principal at beginning of 3rd year $*^1,836 

X l.(V) 

lOldU) 


31 .^ 1 <. 

Amount at end of 3rd year $33./4()16 

One can readily see that to carry tins f(»r the full .'Ul 
years would he a hurdensoine task. 1 lence a shorter method 
is desirahle. It will he note<l th.it the .'mnnint of the fund 
at the end of each year is obtained hy nuiltii)!} in^^ it hy the 
ratio of increase, 1.00, which j^ives the same result as is 
secured by first finding' the interest hy multiplying the prin- 
cipal at the heginiiing of each year by .00, and then atlding 
this to the principal to find the amount at the end of the 
year. Therefore, if w'c wish to find the amount of $10 when 
placed at compound interest at iV/t for OO years, our work 
will he abbreviated by first multiplying 1 by 1.00 thirty times, 
anil then finding the product of $10 multiplied by the result, 
w liicli may be expressed thus : 

$10 X 1.00'’" 

In case of an annuity of $10 for )»0 years the problem is 
somcw'hat more complicated, because there is not merely 
one sum of $10 accumiil.ating ,'it compound interest, but a 
.series of annual instalments of that ammint, each drawing 
interest. In a OO-year period, if linst of the 00 annuities 
is paid at the beginning of the firs, year, it will have a period 
of 30 years during which to aci uniulate. The Last iiiMal- 
ment will be paid at the beginning of the 30th or last year, 
and each one will draw- interest ; but .since the last one ha« 
only one year during which it will accumulate, its interest 
is not compounded. 
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On the other hand, if the first of the ilO annuities is paid 
at the end of the first year, it will have not iiO, but 20 years 
during which to accumulate, and the last annuity, being paid 
at the end of the IlOth year, accumulates no interest at all. 
"fliis is an important distinction, and, as depreciation allow- 
ances for the year must be made as of the end of the year 
and not at the beginning — for the depreciation accrued dur- 
ing the year — calculations must in such a case be based on 
the fact that the last annuity bears no interest and the first 
one bears interest from the end of the first, or, what 
amounts to the same thing, from the beginning of the sec- 
ond year. This must be kept in mind in the discussion of 
the sinking fund formula in Chapter XIII. 

Assuming, then, that the first of the annuities or instal- 
ments of $10 each, begins to accumulate interest at the end 
of the first year, at it is evident that it will accumulate 
interest for 20 years, and will amount to ; 

$10X 

Similarly the next annuity will accumulate to: 

$10X1.0G‘* 

and so on, until we come to the next to the last instalment, 
w Inch will accumulate to : 

$i0X1.0G 

and the last one, which will have no time to accumulate any 
interest whatever. Brielly, each annuity accumulates to 1.06 
times the amount to which the one immediately following 
accumulates. Thus we have a series of amounts, increasing 
or decreasing by a common ratio, depending upon which 
way we view it, exactly the same as the series discussed in 
Chapter XIII, whose sum, V, is expressed by the following 
formula : 
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(r-1) 

in which x is the annuity, r is I plus the rate of interest, and 
n the number of >cars. Tliercfore the aceuinulalions, at 
compound interest, of an annuity of $10. for :10 years at 
, the first annuity beiu^ [)aid at the end of the first year, 
is expressed thus: 

- 1 )^ 

1.00— 1 

Principle of Logarithms 

A short method of making the computation indicated by 
l.OG*’”, which is read as LOG raided to the :>0th power, or 
simply as 1.00 to the 00th power, will be found in the use 
of logarithms. To understand this use a study of the under- 
lying principle upon which logarithms are based will be 
necessary. 

We can raise any number to any desired power by multi- 
plying itself by itself the re(|uired niiniher of times; thus 
2^ means 2X2X2, or S ; means ;5 X 3 X G X .‘L or SI ; 
y means 4X4X tX^, or iL'iO, and so on. I''roin what 
has just been said the following is self evident. 


3 

to 

1st 

j)Ower is 

3 

(4 

2nd 

“ “ 1) 

3 

* 4 

;{rd 

“ 27 

3 

A 4 

Ith 

M 

0 

44 

r,th 

“ 2 13 

3 

44 

Gth 

‘ 72!) 

3 

44 

7th 

“ 2187 

3 

44 

8lh 


3 

44 

!ith 

“ 10083 

3 

44 

10th 

“ “ 59049 
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ami so on. The numbers in the second column are the 
indices, indicatirifj the power to which 3 is raised to secure 
the number in tlie third column. Thus, 3® = 19683; 
3® = 243. 

Now suppose that we desire to multiply 243 by 81. By 
ordinary multiplication, 213 X 81 = 19683. From the 
foregoing’ table it may be seen that 243 = 3'', and 81 = 3*. 
By a principle of mathematics known as the law of indices, 
X 3* = 3''+* = 3®. That is, 3® is multiplied by 3* by sim- 
ply adding together the indices. That this is correct may 
be seen by a glance at the table. There we find that 3* equals 
19683, as we have already found by multiplication. Con- 
versely, 243 -^-Sl = 3®>f-3* = 3''-* = 3' = 3; for 3 raised 
to the 5th power is 243, and this amount, 243, divided by 
3*, or 81, gives 3. Thus, in a very simple way, we have 
substituted addition and subtraction for multiplication and 
division. 

Let us suppose further that we desire to extract the 
square root of 50049. As will be seen from the table, this 
is 3 raised to the 10th power, or 3'". The square root of 
59049 is therefore the same as the square root of 3'". 
According to the law of indices, dividing the index of a 
number by 2 is equivalent to extracting the square root. 
Therefore, 3^*, or 3', is the square root of 3‘“. According 
to our table 3' = 243. That this is the square root of 
59049 may be seen by multiplying 243 by 243, which equals 
59049. By reversing the procedure a number may be raised 
to any power by simply multiplying its index by that power. 
Thus 243, or 3^ may be squared by multiplying 5, the 
index of 3, by 2 ; thus 243' = 3' >< ’ = 3” = 59049. Similarly 
27»^33X» = 3» = 19683. 


The Logarithm 

In the table given on page 175, the numbers in the second 
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column are said to be tlic logarithms of the numbers in the 
third column to the base 3. In other words, the logarithm 
of a number is the power to which its base must be raised 
to produce that number. Thus, 8 is the logarithm of 
to the base 3, and 2 is the logarithm of 9 to the base 3. 

We have here selected the number 3 as a base. Any 
number may be so employed. The number 10 is the base 
usually taken, and forms the basis of the common system of 
logaritlims.^ Ihercfore common logarithms of numbers are 
indices indicating the power to which H) must l)e raised to 
equal those numbers, just as in our table they were indices 
of 3. 

Since most numbers arc not integral powers of 10, it 
follows that their logarithms arc integers only in the rare 
cases that they are integral powers of 10. 1'hiis, 10^ --- 100; 
therefore 2 is the logarithm of 100 to the base 10. Similarly 
3 is the logarithm of 1000 to the base 10, and 4 is the 
logarithm of 10000 to the base 10. Rut the logarithm of 
500 must be something more than 2 and less than 3; that 
is, it is 2 plus a decimal. A five-place logarithm table gives 

this decimal part of the logarithm to five points, as 

09897 

A six-place table gives it as tlPSilTO 

A thirteen-place table gives it as. . .0JI897000 13300 
A twenty-place table gives it as. . .09897000133001880170 

Usually the last figure is not exactly correct, being ap- 
proximated or rounded off just we round off .$18,217 
to $18.22. 

The Characteristic 

The integral part of a logarithm is known as the char- 

* Any good table of common logarithm* such as those appearing in mat hematics! 
textbooks may be referred to in cunncction with the problems presented in this 
volume. 



178 


PRINCIPLES OF DEPRECIATION 


acteristic of the logarithm. Thus the logarithm of 500 to 
the sixth place is ‘2.008070, and therefore the characteristic 
of the logarithm of 500 is 2. Similarly the characteristic of 
the logarithms of all numbers from 100 to 909, inclusive, is 
2 ; for the logarithm of 100 is 2, the logarithm of 999 is 
2.099565, and the logarithms of all numbers between 100 
and 999 lie between 2 and 2.000565. 

The logarithm of 1000 is 0, for 10^ = 1000. The loga- 
rithm of 9999 is 3.909057. Therefore the characteristic of 
the logarithms of all numbers from 1000 to 0909 is 3, and 
so on. It will be noted that the characteristic of any loga- 
rithm is determined by the position of the decimal point in 
its number, being independent of the digits of the number. 
Thus, the characteristic of the logarithm of 7, which has 
one unit figure, is zero; of the logarithm of 77.77, which 
has one figure to the left of the unit place, is 1 ; of the loga- 
rithm of 9.3, with one unit figure, is 0; of the logarithm of 
3742.17, with three figures to the left of the unit place, is 3 ; 
of the logarithm of 56689.778, with five figures to the left 
of the unit place, is 4 ; and so on. Hence, to find the char- 
acteristic of the logarithm of a number, this rule is given : 

To find the characteristic of the logarithm of a number, 
find how many places the first significant figure is removed 
from unit's place. This determines the characteristic, and 
it is positive or negative (plus or minus) accordingly as the 
first significant figure is to the left or right of unit’s place. 
Thus : 

le logarithm of 1. is 0 

“ “ 0.1 “I (minus 1) 

“ 22.0 “ 1 

“ “ .0222 2 

“ “ 275.0 “ 2 

“ “ .0004 “ 4 

“ “ 1785.27968 “ 3 


Characteristic of tl 

« tt 

it it 

ti it 

tt it 

a ft 

it it 
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The Mantissa 

The mantissa of tlie lop^arithm of a number is the deei- 
mal portion, and docs not de[)ond n})on the location of the 
decimal point but upon the dii;ils of which the nnmlK’r is 
composed. Thus, while the eharaclerislics of the lot;arilhins 
of 909, 99.9 and 9.9!) are 2, I, and 0, respectively, the man 
lissa is the same for all, viz., .OttOada. Aj.^’ain, the charac- 
teristic of the logarithms of 7-9, and iM 1 is in each 
case, blit the mantissas are .51 15 IS, .S()-27JS, and ..'JlM JSJ. 
While the characteristic is i)ositive or nei;ative, dependin.t; 
upon the position of the decimal point, the mantissa is 
always positive. The mantissa is found by the use of a table 
of logarithms. 

Finding the Logarithm of a Number 

The number being given, its logarithm is detei mined by 
first finding the characteristic by the rule given. 1 he man 
tissa is found from a table of logarithms, as follows: 

1. When the number is composed of not m(»re than four 
hgures : 

In the first column of the table of logarithms liiid ih'c 
first two or three or four ligures of the niinilx.T (acc»)rding 
to the table used), then follow across on the same line until 
the column is reached headed by the same figure as the la-t 
digit in the niimlxT whose logarithm we wish to Imd ' I he 
decimal so found is the mantissa, lo a\oid lepetitnui in 
the table, the first two (sometimes thoc or foni ) hg)ires of 
the mantissa are printed at intcr\ us only, in the ‘^ec»nid 
column. 

Find log 37.53. By the rule die characteristic is 1. In 
the first column of the table of logarithms, find :;75. aiul on 
the same line in the column headed by last digit is found 

• A six-place table is employed in the computations \miu li follow. 
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the mantissa .574:57'.). As the characteristic is I, the loga- 
rithm of 37. . 5:5 is 1.. 571:571). Similarly: 

Log 727.1 2.Rr,l773 

Log :52.5(5 ;5.r,i2t;si: 

Log 7274.0 :5.SG177:i 

2. When the nunihcr is composed of more than four 
figures : 

Ily glancing at tlic table of logarithms it will he seen 
that, within certain limitations, the nunihers are i)ropor- 
tional to their logarithms, and vice versa. Thus : 


Log 


421)0. . . .:5.(;:52157 

421)1 :5.t;;325r>l) 

421)2 :5.t;:3200() 

12'J:3 ;5.();52701 


} difference is .000102 
} “ .000104 

} “ “ .000101 


Thus, while the dilTcrcnce between the numbers is constantly 
1, the difference between the logarithms is nearly constant. 
These differences, 102, 101, and 101, are known as the 
tabular dHTercacesJ^ and their almost constant amount cor- 
responds in a very close degree to the difference of unity 
between the numbers. The logarithms are therefore nearly 
proportional to their corresponding luinihcrs, and may be 
a.s.sumed to be exactly proportiunal to them for practical 
purposes. Consc(iiiently, if any (me of the numbers be in- 
creased by 0.1, its corresponding logarithm w’ill be increased 
by .1 of the tabular difference betw ecu the logarithm of that 
number and the logarithm of the next higher number. Thus : 

Log 4290.1 = 3.632407 (c^r 3.032457 + .1 of 102) 

» In practice the ciphers preceding the difference figures in the mantissas are 
disrcgai lied to save time and &pacc, uut care must be taken in the iiUerpolation 
process to add the differences in their proper places to the right of the decimal 
point. 
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Log 4200.2 =-;i.n324T7 (or 8.n;^2 1- .2 of 102) 

“ 4200.9 -=:L(>:i2r)4i) (or ;L(;:]24r)7 -h.o of 102 ) 

This process of finding log.'irithnis of nninhers hot ween 
t\fro nunihers in the table is called interpolatinii. 4'n les'^eii 
the work, in some tables the tabular dillerences are inserted 
in a separate column, and at tlie bottom of tlie page is ‘-.ome- 
times given the jiroportional part of the Iasi figure. 'I hiis, 
if the tabular difference is 102, the additions to 1)C made lor 
.1, .2, .)), .1, and .so on, are 10, 20, *51, 11. and so on. Mad 
the number \\h()se logarithm was to he found heiii 12001 
instead of 1200.1. the manlissa would havt“ l een the s.nne, 
hut the characteristic would have been 1 in^te.id of 2). 

If the niimher is composed of si\ figures as I aiul 

a five-place table is used, the ciurectiou lor the la t tw«> 
figures is found by interiiolation as indiiMh'd above. I lu‘ 
correction for the fifth figure is .1 of 102, or 10, and the 
correction for si.xth figure is .05 of 102, or 5 ; lienee !.► must 
he added to 2>.(522i:)7, the logarithm id' 1200, which gives 
5,002172 for the logarithm of 12'.)015. 

Finding the Number Corresponding to a Logarithm 

Liven the logarithm of a niimher, the nnniher itself may 
he discovered hy the use ol a table <d logarithms, hirst, 
from the characteristic of the logarithm the position oi the 
decimal point is determined, the operatifui being simply the 
reverse of that employed in finding the characterisiic. 1 hus, 
if the characteristic is always tbt ^ame as the iiiinilK.T of 
places the first significant figure is removed from unit s 
place, it follows that in the nnmbi 1 corresponding ti* a gi ■n 
logarithm the number of places the lii'st signiliiant figure 
is removed from units place will depend upi»n the charac- 
teristic, being to the left or right of unit > jilace accordingly 
as the characteristic is positive or negative. 
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Now if the mantissa appears in the table, the correspond- 
in^( niiinl)er is found immediately. Tims, to find the number 
vvliose loj^aritlim is we find, l)y reference to a 

table of lo^i^arilhms, that the corresponding number is filS.l, 
the position of the decimal point being determined as noted 
above. 

If, however, no mantissa is found in the tables in exact 
agreement with the mantissa whose number we wish to 
find, the first four figures of the mantissa are found, and 
then by the principle of proportional parts additional figures 
can be added. Thus, to find the number whose logarithm is 
1 ..‘125220, we turn to the table and find that this mantissa 
lies between .1525105 and .11251110. VVe now proceed as 
follows : 


Mantissa of log of 2115 .11251110 

Differences 1 205 

Mantissa of l(\g of recpiired number =“ .‘125220 
“ “ “ “ " 

Differences (?) 115 

By the principle of proportional parts, 

(?) : 1 :: 115:205 
115 

or (?)-- 

the figures which must be annexed to 2114 to give the num- 
ber whose logarithm is 1.1125220. Thus the required num- 
ber is 21.145009+, the decimal point being determined by 
the characteristic, which is 1. Beyond the first three addi- 
tional figures obtained by interpolation, their accuracy can- 
not be depended on, so that the sixth place is the last one 
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to be retained. Instead of iisini; the phrase, “number wIuksc 
loi^aritbm is the follow inj^^ briefer expression, 

“log"' 1.32522,” is commonly employed. Thus: 

Log-' 2.75031 ^ 570.571 
Log"-' .00352 1.U0S14 

Finding Powers and Roots of Numbers 

In the first part of this chapter we have seen the neces 
sity of a convenient method of finding hi^h poweis of num 
hers in making interest computations, d ims, an .ninnity oi 
$10, at O^/c compound interest, amounts in 30 years to; 

JO (1.00"'- 1) 

1 00 — 1 

Tlie reduction of this rather complex form necessitates the 
raising of 1.00 to the 30th power, which is an extremely 
tedious process by multiplic.ilion. Since the iniiltiiOic.'ition 
of the logarithm of a number by a given number has the 
same effect as raising that number ti; the power indie.ited 
hv tlie given number, the following process .should he care- 
fully studied : 

Log 1.00 - .025300 
.025300 X 30 - .7501 SO 
Log— ‘ .750 ISO 5,74354 

w'hich is the 30th power of l.Oti. 

In the same wav that any (K we 1 power of a number 
may be found by multiplyinfj it^ l.i-aritbni l.y the number 
representing the desired power end Hien finding ibe numlK-r 
in the table corresponding to tlie logarithm re|Jre^enled by 
the product, so any desired rout of a nnmijcr m iv be found 
by dividing the logaritbm of llial muni er by the number 
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indicating the root to he found, and then finding the num- 
ber in the table whose logarithm is the quotient. 

Find the 30th root of 5.74354. 

Log 5.74354= .759173 
.759170 ^-30= .0253059 
Log-' .0253059 = 1.00 

which is the 30th root of 5.74354. 

Referring again to the problem in hand, and substituting 
5.74354 in : 

^^ (1.0C)"-1) 

1 . 00-1 

we find its value to be $790.59, the amount of the annuity 
of $10, at 6% compound interest, for 30 years. 
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